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(57) Abstract 

The present invention provides a compound of formula (I) 
or (II) or a pharmaceutically acceptable salt thereof, which is 
useful for inhibiting protein fames yl transferase and the famesy- 
lation of the oncogene protein Ras or inhibiting de novo squalene 
production resulting in the inhibition of cholesterol biosynthesis, 
processes for the preparation of the compounds of the invention 
in addition to intermediates useful in these processes, a pharma- 
ceutical composition, and to methods of using such compounds. 
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CYCLOBUTANE DERIVATIVES AS INHIBITORS OF SQUALENE SYNTHASE AND PROTEIN 
FARNESYLTRANSFERASE 

5 

This application is a continuation-in-part of U.S. Patent Application 
Serial No. 08/564,524, filed November 25, 1995, which is a continuation-in-part 
of U.S. Patent Application Serial No. 08/426,553, filed April 21, 1995 and is 
10 also a continuation-in-part of U.S. Patent Application Serial No. 08/428,357 
filed April 21, 1995. 

Technical Field 

The present invention relates to new cyclobutane mono-, di- or tri- 
15 carboxylic acid compounds which are useful for inhibiting tie novo squalene 
production resulting in the inhibition of cholesterol biosynthesis and for 
inhibiting protein famesyltransferase and the famesylation of the oncogene 
protein Ras, compositions containing such compounds and to methods of using 
such compounds. 

20 

Background of the Invention 

Squalene synthase is a microsomal enzyme which catalyzes the 
reductive dimerization of two molecules of farnesyl pyrophosphate (FPP) in the 
presence of nicotinamide adenine dinucleotide phosphate, reduced form, 

25 (NADPH) to form squalene (Poulter, C D., Rilling, H. C, in "Biosynthesis of 
Isoprenoid Compounds", Vol. I, Chapter 8, pp. 413-441, J. Wiley and Sons, 
1981 and references therein). This enzyme is the first committed step of the tie 
novo cholesterol biosynthetic pathway. Thus inhibitors of squalene synthase 
cause inhibition of cholesterol biosynthesis and thus act as a 

30 hypocholesterolemic agents. Thus squalene synthase inhibitors are useful for 
the treatment and prevention of hyperlipemia or atherosclerosis or other 
disorders resulting from an excess of cholesterol. 
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Inhibition of squalene synthase also results in the inhibition of fungal 
growth. 

Transformed protein Ras is involved in the proliferation of cancer cells. 
The Ras must be famesylated before this proliferation can occur. Farnesylation 
5 of Ras by famesyl pyrophosphate (FPP) is effected by protein 

famesyltransferase. Inhibition of protein farnesyltransferase and, thereby, of 
farnesylation of the Ras protein, blocks the ability of transformed cells to 
proliferate. 

Activation of Ras also partially mediates smooth muscle cell proliferation 
10 (Circulation, I-3: 88 (1993)). Inhibition of protein famesyltransferase and, 
thereby, of farnesylation of the Ras protein, will also aid in the treatment or 
prevention of restenosis. 



15 



20 



Disclosure of the Invention 

In accordance with the present invention there are provided cyclobutane 

compounds of formula (I) or (II): 



-B2 



KT ^B, V Bi 

(0 00 

wherein 

Ai is -C(0)NRi R2 wherein 
Ri is selected from the group consisting of (i) hydrogen, (ii) loweralkyl, 
(iii) alkenyl, (iv) alkynyl, (v) aryl, (vi) arylalkyl, and 
(vii) heterocyclicalkyl, and 



25 R2 is 



F*6 F*6b 



wherein R3 is aryl, aryl substituted with aryl, aryl 



substituted with heterocyclic or heterocyclic; R4 is aryl, aryl substituted with aryl, 
aryl substituted with heterocyclic or heterocyclic; R6, R6a and R6b are 
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independently selected from the group consisting of hydrogen and loweralkyl; 
and Y is a single covalent bond, -CH 2 -, -CH 2 CH 2 -, -CH=CH-, -O-C(O)-, 
-C(0)-0-, -O-CH2-, -CH2-O-, -S-CH 2 - or -CH 2 -S-; 

.5 

A2 is 
(1) -X-T-G 

wherein T is selected from the group consisting of 

a) a covalent bond, 
10 b)-C(O)-, 

c) -C(S)- and 

d) -S(0) 2 -, 

X is selected from the group consisting of 
15 a) a covalent bond, 

b) -CH 2 -, 

c) -0-, 

d) -S- and 

e) -N(R a )- wherein R a is hydrogen, loweralkyl, cycloalkyl, cycloalkylalkyl or 
20 arylalkyl, 

and G is selected from the group consisting of 

a) R42 . 

b) -N(R 41 )(R 42 ) 

25 wherein R 41 is selected from the group consisting of 

(i) -CH(R d )C(0)OR e wherein R d is selected from the group consisting of 
loweralkyl, cycloalkyl, cycloalkylalkyl, alkoxyalkyl, thioalkoxyalkyl, hydroxyalkyl, 
aminoalkyl, carboxyalkyl, alkoxycarbonylalkyl, arylalkyl and alkylsulfonylalkyl 
and R e is selected from the group consisting of hydrogen and carboxy- 

30 protecting group, 

(ii) aryl, 

(iii) arylalkyl, 

(iv) heterocyclic, 
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(v) (heterocyclic)alkyl, 

(vi) cycloalkylalkyl and 

(vii) aryi, heterocyclic, arylalkyl or (heterocyclic)alkyl wherein the aryl group, the 
aryl part of the arylalkyl group, the heterocyclic group or the heterocyclic part of 

5 the (heterocyclic)alkyl group is substituted with one or two substituents -W-R^ 
wherein at each occurrence W is independently selected from the group 
consisting of 

(a) a covalent bond, (b) -C(O)-, (c) -CH 2 -, (d) -0-, (e) -S(0) p - wherein p is 0, 1 or 
2, (f) -N(R C )- wherein R c is hydrogen or loweralkyl, (g) -CH 2 0-, 
10 (h) -CH 2 S(0) p - wherein p is 0, 1 or 2 and (i) -CH 2 N(R C )- wherein R c is 
hydrogen or loweralkyl and 

at each occurrence R 43 is independently selected from the group consisting of 
(a) aryl, (b) arylalkyl, 

(c) cycloalkyl, (d) cycloalkylalkyl, (e) heterocyclic and 
15 (f) (heterocyclic)alkyl, 

and 

R42 is selected from the group consisting of 
20 (i) aryl, 

(ii) arylalkyl, 

(iii) alkenyl, 

(iv) alkynyl, 

(v) arylalkenyl, 
25 (vi) arylalkynyl, 

(vii) (heterocyclic)alkyl, 

(viii) aryloxyalkyl, 

(ix) aryloxyalkenyl, 

(x) arylalkoxyalkenyl, 

30 (xi) arylalkyl wherein the alkyl group is substituted with (a) -OR10 wherein R10 is 
hydrogen or alkanoyl or (b) -C(0)OR h wherein R h is hydrogen or a 

carboxy-protecting group, 
(xii) aroyloxyalkyl, and 



WO 96/33159 




PCT/US96/05529 



-5- 

(xiii) aryl, arylalkyl or (heterocyclicalkyl wherein the aryl group, the the aryl part 
of the arylalkyl group or the heterocyclic part of the (heterocyclic)alkyl group is 
substituted with one or two substituents -W-R44 wherein at each occurrence W 
is independently selected from the group consisting of (a) a covalent bond, 
5 (b) -C(O)-, (c) -CH 2 -, (d) -0-, (e) -S(0) m - wherein m is 0, 1 or 2, (f) -N(R b )- 
wherein R b is hydrogen or loweralkyl, (g) -CH 2 0-, (h) -CH 2 S(0) m - wherein m is 
0, 1 or 2 and 

(i) -CH 2 N(R b )- wherein R b is hydrogen or loweralkyl and at each occurrence 
R u is independently selected from the group consisting of (a) aryl, (b) arylalkyl, 
10 (c) cycloalkyl, (d) cycloalkylalkyl, (e) heterocyclic and (f) (heterocyclic)alkyl, 

and 

c) -NHR 42a or-OR 42a 
15 wherein R 42a is selected from the group consisting of 

(i) arylalkyl and 

(ii) heterocyclicalkyl, 

wherein the alkyl part of the arylalkyl group or the heterocyclicalkyl group is 
substituted with an arylalkyl group and wherein the aryl part of the arylalkyl 

20 group or the heterocyclic part of the heterocyclicalkyl group is substituted with 
one or two substituents -W "-R45 wherein at each occurrence W ' is 
independently selected from the group consisting of (a) a covalent bond, (b) 
-C(O)-, (c) -CH 2 -, (d) -0-, (e) -S(0) m .- wherein m' is 0, 1 or 2, (f) -N(R b .)- 
wherein R b . is hydrogen or loweralkyl, (g) -CH 2 0-, (h) -CH 2 S(0) m .- wherein m' 

25 is 0, 1 or 2 and (i) -CH 2 N(R b .)- wherein R b , is hydrogen or loweralkyl and at 
each occurrence R 45 is independently selected from the group consisting of (a) 
aryl, (b) arylalkyl, (c) cycloalkyl, (d) cycloalkylalkyl, (e) heterocyclic and (f) 
(heterocyclic)alkyl; 

30 (2) -C(0)R 42a wherein at each occurrence R 42a is independently defined as 
above; 
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(3) -CH(OH)R 42a wherein at each occurrence R 42a is independently defined as 
above; 

(4) -CH=C(R 42b )(R 4 2 C ) wherein at each occurrence R 42b is independently 
selected from arylalkyl and at each occurrence R 42c is independently selected 
from the group consisting of aryl and heterocyclic wherein the aryl or 
heterocyclic ring is subsubstituted with -W"-R 45 wherein at each occurrence W" 
and R 45 are independently defined as above; 

or 

(5) -C(0)-CH(R 42a )CH(R 42d )C(0)OR g wherein at each occurrence R 42a is 
independently defined as above, at each occurrence R 42d is independently 
selected from aryl and at each occurrence R g is independently selected from 
the group consisting of hydrogen and a carboxy-protecting group; 

and 

B v B 2 and B 3 are independently selected from the group consisting of 

(1) hydrogen, 

(2) -Q-D 

wherein at each occurrence D is independently selected from the group 
consisting of 

(i) -C(0)R 46 wherein at each occurrence R 46 is independently selected from the 
group consisting of (a) -OR^ wherein at each occurrence R 46a is 
independently selected from the group consisting of hydrogen, a 
carboxy-protecting group and arylalkyl wherein the alkyl part is substituted with 
an aryl group, (b) an alpha-amino acid or a beta-amino acid which is bonded 
via the alpha- or beta-amino group and (c) a di-, tri- or tetrapeptide which is 
bonded via the amino terminal amino group, 

(ii) -C(0)H, 

(iii) -CH 2 OH, 

(iv) -C(0)CF 3 , 

(v) -CH(OH)CF 3 , 
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(vi) -C(OH)(CF 3 ) 2 , 

(vii) -C(0)NH 2 , 

(viii) -C(0)NHOH, 

(ix) -CH(=NOH), 

(x) -S(0) 2 NH 2 , 

(xi) -NHS(0) 2 CH 3 or -NHS(0) 2 CF 3 , 

(xii) 5-tetrazolyl, 

si V<* 
tit* n 

(xiii) H , 

NH 



(xiv) *W wherein R47 is -CN, -NO2, or -CO2R48 wherein FUs «s 
hydrogen, aryl or loweralkyl, 

I MH 

(xv) o 0 wherein at each occurrence R49 is independently selected 

from the group consisting of hydrogen and loweralkyl, 
o 



MH 



I r 

(xvi) 0 wherein at each occurrence R50 is independently selected 
from the group consisting of hydrogen and loweralkyl, 

R51 o 

(xvii) o wherein at each occurrence R51 is independently 
selected from the group consisting of hydrogen, loweralkyl, alkenyl, alkoxyalkyl 
and benzyl, 
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and 

wherein at each occurrence Q is independently selected from the group 
consisting of (i) a covalent bond, (ii) -OCH 2 -, (iii) alkylene, (iv) alkenylene, 



(v) -C(0)NH, (vi) -NHC(0)NH-, (vii) -CH(OH)- and (viii) -NHC(0)(CH 2 ) r - wherein 
5 r is 0 to 4; 



(4) -CH2-N(OH)-C(0)-R52 wherein R52 is hydrogen, methyl or 
trifluoromethyl; and 

15 (5) -C(0)-NH-S(0)2*R53 wherein R53 is aryl, heterocyclic, 
arylalkyl, (heterocyclic)alkyl, C3-C7-cycloalkyl, 
d-Cs-alkyl or perfluoro-CrC4-alkyl; 

with the proviso that only one or two of Bi, B2 and B3 can be hydrogen; 

20 

or a pharmaceutically acceptable salt thereof. 

One embodiment of the present invention is a cyclobutane compound of 
formula (I): 

25 



c H 



10 (3) 



HO 





wherein 
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Ai is -C(0)NR|R2 wherein 
Ri is selected from the group consisting of (i) hydrogen, (ii) loweralkyl, 
(iii) alkenyl, (iv) alkynyl, (v) aryl, (vi) arylalkyl, and 
(vii) heterocyclicalkyl, and 




5 R2 is Re Rfib wherein R3 is aryl, aryl substituted with aryl, aryl 

substituted with heterocyclic or heterocyclic; R4 is aryl, aryl substituted with aryl, 
aryl substituted with heterocyclic or heterocyclic; R6, R6a and R6b are 
independently selected from the group consisting of hydrogen and loweralkyl; 
and Y is a single covalent bond, -CH2-, -CH2CH2-, -CH=CH-, -O-C(O)-, 

10 -C(0)-0-, -O-CH2-, -CH2-0-, -S-CH2- or -CH 2 -S-; 
and 

B v B 2 and B3 are independently selected from 
(1) hydrogen, 
15 (2) -Q-D 

wherein at each occurrence D is independently selected from the group 
consisting of 

(i) -C(0)R 46 wherein at each occurrence R 46 is independently selected from the 
group consisting of (a) -OR 46a wherein at each occurrence R^ is 

20 independently selected from the group consisting of hydrogen, a 

carboxy-protecting group and arylalkyl wherein the alkyl part is substituted with 
an aryl group, (b) an alpha-amino acid or a beta-amino acid which is bonded 
via the alpha- or beta-amino group and (c) a di-, tri- or tetrapeptide which is 
bonded via the amino terminal amino group, 

25 (ii)-C(0)H, 

(iii) -CH 2 OH, 

(iv) -C(0)CF 3 , 

(v) -CH(OH)CF 3 , 

(vi) -C(OH)(CF 3 ) 2 , 
30 (vii) -C(0)NH 2 , 
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(viii) -C(0)NHOH, 

(ix) -CH(=NOH), 

(x) -S(0) 2 NH 2 , 

(xi) -NHS(0) 2 CH 3 or -NHS(0) 2 CF 3 , 

(xii) 5-tetrazolyl, 

(xiii) H 



(xiv) R<7 wherein R47 is -CN f -NO2, or -CO2R48 wherein R48 is 

i, ai 
R49 



hydrogen, aryl or loweralkyl, 
o 



MH 

(xv) o w wherein at each occurrence R49 is independently selected 
from the group consisting of hydrogen and loweralkyl, 

I s0 L° 
! r 

(xvi) 0 wherein at each occurrence R50 is independently selected 

from the group consisting of hydrogen and loweralkyl, 
R51 0 

(xvii) o wherein at each occurrence R51 is independently 
selected from the group consisting of hydrogen, loweralkyl, alkenyl, alkoxyalkyl 
and benzyl, 

sl> 

(xviii) H , 
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O 

A 

I NH 

(xxii) ° 



5 




10 



and 

wherein at each occurrence Q is independently selected from the group 
consisting of (i) a covalent bond, (ii) -OCH 2 -, (iii) alkylene, (iv) alkenylene, 
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(v) -C(0)NH, (vi) -NHC(0)NH-, (vii) -CH(OH)- and (viii) -NHC(0)(CH 2 ) r - wherein 
r is 0 to 4; 



(4) -CH2-N(OH)-C(0)-R52 wherein R52 is hydrogen, methyl or 

trifluoromethyl; and 

(5) -C(0)-NH-S(0)2-R53 wherein R53 is aryl, heterocyclic, 

arylalkyl, (heterocyclic)alkyl, C3-C7-cycloalkyl, 
Ci-Cs-alkyl or perfluoro-Ci-C4-alkyl; 

with the proviso that only one or two of B-i, B2 and B3 can be hydrogen; 

or a pharmaceutically acceptable salt thereof. 

Preferred compounds of the invention are compounds of formula (I) 
wherein A1 is -C(0)NRiR2 wherein R1 is selected from (i) hydrogen, 



(ii) loweralkyl, (iii) arylalkyl and (iv) heterocyclicalkyl and R2 is 
wherein R3 aryl, aryl substituted with aryl, aryl substituted with aryl, aryl 
substituted with heterocyclic or heterocyclic; R 4 is aryl, aryl substituted with aryl, 
aryl substituted with aryl, aryl substituted with heterocyclic or heterocyclic; R6 is 
hydrogen or lower alkyl; and Y is a single covalent bond, -CH2-, -CH2CH2-, 




o 



(3) 



HO 
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-CH=CH-, -0-C(0)-, -C(0)-0-, -O-CH2-, -CH2-O-, -S-CH 2 - or -CH 2 -S-; and B 1t 
B 2 and B3 at each occurrence are independently selected from hydrogen, 
-CH 2 OH, and -C(0)-OR46 a wherein at each occurrence is independently 
selected from the group consisting of (i) hydrogen, (ii) arylalkyl wherein the 
alkyl part is substituted with aryl and (iii) a carboxy protecting group, with the 
proviso that only one or two of B1 , B 2 and B 3 can be hydrogen; 
or a pharmaceutical^ acceptable salt thereof. 

More preferred compounds of the invention are compounds of formula (I) 
wherein A1 is -C(0)NRiR2 wherein R1 is selected from (i) hydrogen, 

,R4 



R 3 



(ii) lower alkyl, and (iii) arylalkyl and R 2 is 6 wherein R 3 and R 4 

are independently selected from (i) phenyl, (ii) phenyl substituted with one or 
two substituents independently selected from loweralkyl, halo, hydroxy, alkoxy, 
and aryl or heterocyclic wherein the aryl or heterocyclic group is unsubstituted 
or substituted with one or two substituents independently selected from 
loweralkyl, halo and alkoxy, (iii) naphthyl and (iv) naphthyl substituted with one 
or two substituents independently selected from loweralkyl, halo, hydroxy, 
alkoxy and aryl or heterocyclic wherein the aryl or heterocyclic group is 
unsubstituted or substituted with one or two substituents independently 
selected from loweralkyl, halo and alkoxy; R 6 is lower alkyl; and Y is a single 
covalent bond, -CH 2 -, -CH 2 CH 2 -, -CH=CH-, -O-C(O)-. -C(0)-0-, -0-CH 2 -, 
-CH2-O-, -S-CH 2 - or -CH2-S-; and B 1( B 2 and B 3 at each occurrence are 
independently selected from hydrogen, -CH 2 OH, and -C(0)-OR 46a wherein at 
each occurrence R 46a is independently selected from the group consisting of 
hydrogen and a carboxy protecting group, with the proviso that only one or two 
of B1, B2 and B3 can be hydrogen; 
or a pharmaceutical^ acceptable salt thereof. 
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Even more preferred compounds of the invention are compounds of 
formula (I) wherein Ai is -C(0)NRiR2 wherein Ri is selected from hydrogen, 
methyl, benzyl, naphthylmethyl and (heterocyclic)methyl and R2 is 




6 wherein R3 is phenyl, 3-chlorophenyl, 4-chlorophenyl, 4- 

fluorophenyl, 4-methylphenyl, 3,4-dichlorophenyl, 4-methoxyphenyl, 3- 
bromophenyl, 3-biphenylyl, 4-biphenylyl, 4'-chloro-4-biphenylyl, 2-fluoro-4- 
biphenylyl, 6-fluoro-3-biphenylyl, 3-(2-naphthyl)phenyl, 3-(1-naphthyl)phenyl, 
4-(2-naphthyl)phenyl, 1-naphthyl, 2-naphthyl, pyridyl, thienyl, quinolinyl, 
benzothiophenyl, or 3-(3-thienyl)phenyl; R 4 is 4-biphenylyl, 4-chlorophenyl, 4- 
methylphenyl, 4-bromophenyl, 4-t-butylphenyl, 4-methoxyphenyl, 3- 
chlorophenyl, 2-naphthyl, 4'-chloro-4-biphenylyl, 4-(3-thienyl)phenyl, 4-(3- 
pyridyl)phenyl, 3'-chloro-4-biphenylyl, 3,4-dichlorophenyl, 3,4-difluorophenyl, 
3,4-dimethylphenyl, 3-chloro-4-methylphenyl, 4-chlro-3-methylphenyl, 3,4- 
dimethoxyphenyl, 3,4,-methylenedioxphenyl, 3-bromophenyl, 4-(2- 
naphthyl)phenyl, 2-fluoro-4-biphenylyl, 4-(2-furyl)phenyl, 3',4'-methylenedioxy- 
4-biphenylyl, 2*-fluoro-4-biphenylyl, 2'-methoxy-4-biphenylyl, 4-(5- 
oxazolyl)phenyl or 2-naphthyl; Re is loweralkyl; and Y is a single covalent bond, 
-CH 2 -, -CH2CH2-, -CH=CH-, -O-C(O)-, -C(0)-0-, -0-CH2-, -CH 2 -0-, -S-CH 2 - or 
-CH2-S-; and B1, B2 and B3 at each occurrence are independently selected 
from hydrogen, -CH2OH, and -C(0)-OR46a wherein at each occurrence R46a is 
independently selected from hydrogen and a carboxy protecting group, with the 
proviso that only one or two of B-i, B2 and B3 can be hydrogen; 
or a pharmaceutically acceptable salt thereof. 

Most preferred compounds of the invention are compounds of formula (I) 
wherein A1 is -C(0)NR-|R2 wherein R1 is hydrogen and R2 is 
-CH(CH 3 )CH(OC(0)-2-naphthyl)(3,4-dichlorobenzyl) or -CH(CH 3 )CH(4- 
biphenylyl)(4-chlorobenzyl); and B1, B2 and B3 at each occurrence are 
independently selected from hydrogen, -CH 2 OH, and -C(0)-OR 4 6a wherein at 
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each occurrence FUea is independently selected from hydrogen and a carboxy. 
protecting group, with the proviso that only one or two of Bi, B2 and B3 can be 
hydrogen; 

or a pharmaceutical^ acceptable salt thereof. 

Another embodiment of the present invention is a cyclobutane 
compound of formula (II): 



10 



15 



' B| 



(II) 



wherein 
A2 is 

(1) -X-T-G 

wherein T is selected from the group consisting of 

a) a covalent bond, 

b) -C(O)-, 

c) -C(S)- and 

d) -S(0) 2 -, 



20 X is selected from the group consisting of 

a) a covalent bond, 

b) -CH 2 -, 

c) -0-, 

d) -S- and 

25 e) -N(R a )- wherein R a is hydrogen, loweralkyl, cycloalkyl, cycloalkylalkyl or 
arylalkyl, 



- and G is selected from the group consisting of 

a ) R42 • 
30 b)-N(R 41 )(R 42 ) 

wherein R 41 is selected from the group consisting of 
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(i) -CH(R d )C(0)OR e wherein R d is selected from the group consisting of 
loweralkyl, cycloalkyl, cycloalkylalkyl, alkoxyalkyl, thioalkoxyalkyl, hydroxyalkyl, 
aminoalkyl, carboxyalkyl, alkoxycarbonylalkyl, arylalkyl and alkylsulfonylalkyl 
and R e is selected from the group consisting of hydrogen and carboxy- 

protecting group, 

(ii) aryl, 

(iii) arylalkyl, 

(iv) heterocyclic, 

(v) (heterocyclic)alkyl, 

(vi) cycloalkylalkyl and 

(vii) aryl, heterocyclic, arylalkyl or (heterocyclic)alkyl wherein the aryl group, the 
aryl part of the arylalkyl group, the heterocyclic group or the heterocyclic part of 
the (heterocyclic)alkyl group is substituted with one or two substituents -W-R 43 

wherein at each occurrence W is independently selected from the group 
consisting of 

(a) a covalent bond, (b) -C(O)-, (c) -CH 2 -, (d).-O-, (e) -S(0) p - wherein p is 0, 1 or 
2, (f) -N(R C )- wherein R c is hydrogen or loweralkyl, (g) -CH 2 0-, 

(h) -CH 2 S(0) p - wherein p is 0, 1 or 2 and (i) -CH 2 N(R C )- wherein R c is 
hydrogen or loweralkyl and 

at each occurrence R 43 is independently selected from the group consisting of 
(a) aryl, (b) arylalkyl, 

(c) cycloalkyl, (d) cycloalkylalkyl, (e) heterocyclic and 
(f) (heterocyclic)alkyl, 

and 

R42 is selected from the group consisting of 

(i) aryl, 

(ii) arylalkyl, 

(iii) alkenyl, 

(iv) alkynyl, 

(v) arylalkenyl, 

(vi) arylalkynyl, 
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(vii) (heterocyclic)alkyl, 

(viii) aryloxyalkyl, 

(ix) aryloxyalkenyl, 

(x) arylalkoxyalkenyl, 

. 5 (xi) arylalkyl wherein the alkyl group is substituted with (a) -OR10 wherein Rio is 
hydrogen or alkanoyl or (b) -C(0)OR h wherein R h is hydrogen or a 

carboxy-protecting group, 

(xii) aroyloxyalkyl, and 

(xiii) aryl, arylalkyl or (heterocyclic)alkyl wherein the aryl group, the the aryl part 
10 of the arylalkyl group or the heterocyclic part of the (heterocyclic)alkyl group is 

substituted with one or two substituents -W-R44 wherein at each occurrence W 
is independently selected from the group consisting of (a) a covalent bond, 

(b) -C(O)-. (c) -CH 2 -, (d) -0-, (e) -S(0) m - wherein m is 0, 1 or 2, (f) -N(R 5 )- 
wherein R b is hydrogen or loweralkyl, (g) -CH 2 0-, (h) -CH 2 S(0) m - wherein m is 

15 0, 1 or 2 and 

(i) -CH 2 N(R b )- wherein R b is hydrogen or loweralkyl and at each occurrence 
R44 is independently selected from the group consisting of (a) aryl, (b) arylalkyl, 

(c) cycloalkyl, (d) cycloalkylalkyl, (e) heterocyclic and (f) (heterocyclic)alkyl, 



c)-NHR 42a or-OR 42a 

wherein R 42a is selected from the group consisting of 
(i) arylalkyl and 

25 (ii) heterocyclicalkyl, 

wherein the alkyl part of the arylalkyl group or the heterocyclicalkyl group is 
substituted with an arylalkyl group and wherein the aryl part of the arylalkyl 
group or the heterocyclic part of the heterocyclicalkyl group is substituted with 
one or two substituents -W-R45 wherein at each occurrence W is 

30 independently selected from the group consisting of (a) a covalent bond, (b) 
-C(O)-, (c) -CH 2 -, (d) -0-, (e) -S(0) m - wherein m' is 0, 1 or 2, (f) -N(R b .)- 
wherein R b . is hydrogen or loweralkyl, (g) -CH 2 0-, (h) -CH 2 S(0) m ,- wherein m' 
is 0, 1 or 2 and (i) -CH 2 N(R b .)- wherein R b . is hydrogen or loweralkyl and at 



20 and 
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each occurrence R 45 is independently selected from the group consisting of (a) 
aryl, (b) arylalkyl, (c) cycloalkyl, (d) cycloalkylalkyl, (e) heterocyclic and (f) 
(heterocyclic)alkyl; 

5 (2) -C(0)R 42a wherein at each occurrence R 42a is independently defined as 
above; 

(3) -CH(OH)R 42a wherein at each occurrence R 42a is independently defined as 
above; 

10 

(4) -CH=C(R 42b )(R 42c ) wherein at each occurrence R 42b is independently 
selected from arylalkyl and at each occurrence R 42c is independently selected 

from the group consisting of aryl and heterocyclic wherein the aryl or 
heterocyclic ring is subsubstituted with -W *-R 45 wherein at each occurrence 
15 W" and R 45 are independently defined as above; 
or 

(5) -C(0)-CH(R 42a )CH(R 42d )C(0)OR g wherein at each occurrence R 42a is 
independently defined as above, at each occurrence R 42d is independently 

20 selected from aryl and at each occurrence R g is independently selected from 
the group consisting of hydrogen and a carboxy-protecting group; 

and 

25 B 1f B 2 and B3 are independently selected from 

(1) hydrogen, 

(2) -Q-D 

wherein at each occurrence D is independently selected from the group 
consisting of 

30 (i) -C(0)R 46 wherein at each occurrence R 46 is independently selected from the 
group consisting of (a) -OR 46a wherein at each occurrence R 46a is 
independently selected from the group consisting of hydrogen, a 
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carboxy-protecting group and arylalkyl wherein the alkyl part is substituted with 
an aryl group, (b) an alpha-amino acid or a beta-amino acid which is bonded 
via the alpha- or beta-amino group and (c) a di-, tri- or tetrapeptide which is 
bonded via the amino terminal amino group, 
5 (ii) -C(0)H, 
(Hi) -CH 2 OH, 

(iv) -C(0)CF 3 , 

(v) -CH(OH)CF 3 , 

(vi) -C(OH)(CF 3 ) 2 , 
10 (vii) -C(0)NH 2 , 

(viii) -C(0)NHOH, 

(ix) -CH(=NOH), 

(x) -S(0) 2 NH 2 , 

(xi) -NHS(0) 2 CH 3 or -NHS(0) 2 CF 3 , 
15 (xii) 5-tetrazolyl, 



(xiii) 



(xiv) *«? wherein R47 is -CN, -NO2, or -CO2R48 wherein FU 8 is 

hydrogen, aryl or loweralkyl, 
o 



R49- 

I m 

(xv) o 0 wherein at each occurrence R49 is independently selected 
20 from the group consisting of hydrogen and loweralkyl, 

I 90 !* 0 
I m 

(xvi) 0 wherein at each occurrence R50 is independently selected 
from the group consisting of hydrogen and loweralkyl, 
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(xvii) o wherein at each occurrence R51 is independently 

selected from the group consisting of hydrogen, loweralkyl, alkenyl, alkoxyalkyl 
and benzyl, 



'S H 
O 

A 
K 

o 

o 

A 

^ H 



(xviii) 



5 (xix) 



(xx) 



(xxi) 



A 
%4 



NH 



(xxii) 



o 
o 



(xxiii) 
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(xxiv) w 
*pf o 

HO^O 
(XXV) W ° 



OH 



and 

5 wherein at each occurrence Q is independently selected from the group 
consisting of (i) a covalent bond, (ii) -OCH 2 -, (iii) alkylene, (iv) alkenylene, 
(v) -C(0)NH, (vi) -NHC(0)NH-, (vii) -CH(OH)- and (viii) -NHC(0)(CH 2 ) r - wherein 
ris0to4; 



10 



(3) 



c H 



HO 



O . 



15 (4) -CH 2 -N(OH)-C(0)-Rs2 wherein R52 «s hydrogen, methyl or 
trifluoromethyl; and 

(5) -C(0)-NH-S(0) 2 -R53 wherein R53 is aryl, heterocyclic, 
arylalkyl, (heterocyclic)alkyl, C3-C7-cycloalkyl, 
20 Ci-Ce-alkyl or pert luoro-Ci -C4-alkyl; 

with the proviso that only one or two of B-|, B2 and B3 can be hydrogen; 



or a pharmaceutical^ acceptable salt thereof. 
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Preferred compounds of the invention are compounds of formula (II) 
wherein A 2 is -C(0)NR4iR42 . -N(R a )-C(0)NR4iR42 wherein R a is hydrogen, 

5 loweralkyl, cycloalkyl, cycloalkylalkyl or arylalkyl, -0-C(0)NR4iR 4 2 or 
-CH 2 -C(0)NR4-|R42 wherein R41 is selected from the group consisting of 
(i) aryl, (ii) arylalkyl, (iii) heterocyclic, and (iv) (heterocyclic)alkyl, and R42 is 
selected from (i) aryl, (ii) arylalkyl, (iii) alkenyl, (iv) alkynyl, (v) arylalkenyl, 
(vi) arylalkynyl, (vii) (heterocyclic)alkyl, (viii) aryloxyalkyl, (ix) aryloxyalkenyl, 

10 (x) arylalkoxyalkenyl, (xi) arylalkyl wherein the alkyl group is substituted with 
-OR10 wherein R10 is hydrogen or alkanoyl, and (xii) aryl, arylalkyl or 
(heterocyclic)alkyl wherein the aryl group, the the aryl part of the arylalkyl 
group or the heterocyclic part of the (heterocyclic)alkyl group is substituted 
' with -W-R44 wherein W is selected from the group consisting of (a) a 

15 covalent bond, (b) -C(O)-, (c) -CH 2 -, (d) -0-, (e) -S(0) p - wherein p is 0, 1 or 2, 
(f) -N(R b )- wherein R b is hydrogen or loweralkyl. (9) -CH 2 0-, (h) -CH 2 S(0) m - 
wherein m is 0, 1 or 2 and (i) -CH 2 N(R b )- wherein R b is hydrogen or 
loweralkyl and R^ is selected from the group consisting of (a) aryl, 
(b) arylalkyl, (c) cycloalkyl, (d) cycloalkylalkyl, (e) heterocyclic and 

20 (f) (heterocyclic)alkyl; 

and B 2 and B3 at each occurrence are independently -C(0)-OR 46a wherein 
at each occurrence R 46a is independently selected from the group consisting of 
(i) hydrogen, (ii) arylalkyl wherein the alkyl part is substituted with aryl and (iii) a 
25 carboxy protecting group; 

or a pharmaceutically acceptable salt thereof. 



More preferred compounds of the invention are compounds of formula 
30 (II) wherein A 2 is -C(0)NR 41 R42 wherein R41 is (i) arylalkyl or 

(ii) (heterocyclic)alkyl and R42 is selected from the group consisting of 
(i) arylalkyl, (ii) arylalkenyl, (iii) aryloxyalkyl, (iv) aryloxyalkenyl, (v) 
arylalkoxyalkenyl, (vi) arylalkyl wherein the alkyl group is substituted with -OR10 
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10 



15 



20 



25 



wherein Rio is hydrogen or alkanoyl, and (vii) aryl, aryialkyl or 
(heterocyclic)alkyl wherein the aryl group, the the aryl part of the aryialkyl group 
or the heterocyclic part of the (heterocyclic)alkyl group is substituted with 
-W-R44 wherein W is selected from the group consisting of (a) a covalent 
bond, 

(b) -CH 2 -, and (c) -O- and is selected from (a) aryl, (b) aryialkyl, 

(c) heterocyclic and (d) (heterocyclic)alkyl; and Bi, B2 and B3 at each 
occurrence are independently -C(0)-OR46a wherein at each occurrence R46a is 
independently selected from the group consisting of hydrogen and a carboxy 
protecting group; 

or a pharmaceutical^ acceptable salt thereof. 

Even more preferred compounds of the invention are compounds of 
formula (II) wherein A2 is -C(0)NFUiR42 wherein R41 is benzyl or 
(heterocyclic)methyl and R42 is selected from the group consisting of 
4-(phenoxy)benzyl, (4-hydroxy-5-methyl)-6-phenylhexyl, 4-acetoxy-5-methyl-6- 
phenylhexyl, 5-phenyl-2,4-pentadienyl, and 3-phenyl-2-propenyl; and Bi, B 2 
and B3 at each occurrence are independently -C(0)-OR46a wherein at each 
occurrence R46a is independently selected from the group consisting of 
hydrogen and a carboxy protecting group; 
or a pharmaceutically acceptable salt thereof. 

Most preferred compounds of the invention are compounds of formula (II) 
wherein A 2 is -C(0)NR 4 iR42 wherein R41 is benzyl or thien-2-ylmethyl and R42 
is 3-chloro-4-(phenoxy)benzyl, 4-(phenoxy)benzyl, (4-hydroxy-5-methyl)-6- 
phenylhexyl, 4-acetoxy-5-methyl)-6-phenylhexyl, 5-phenyl-2,4-pentadienyl, or 
3-phenyl-2-propenyl; and Bi, B2 and B3 at each occurrence are independently 
-C(0)-OR4ea wherein at each occurrence R46a is independently selected from 
the group consisting of hydrogen and a carboxy protecting group; 
or a pharmaceutically acceptable salt thereof. 
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The present invention also relates to processes for preparing the the 
compounds of formula (I) and formula (II) and to the synthetic intermediates 
useful in such processes. 

In a further aspect of the present invention are disclosed pharmaceutical 
5 compositions which comprise a compound of the formula (I) or (II) of the present 
invention in combination with a pharmaceutical^ acceptable carrier. 

In yet another aspect of the present invention are disclosed 
pharmaceutical compositions which comprise a compound of the formula (I) of 
the present invention in combination with another antihyperlipoproteinemic 
10 agent and/or with one or more other serum cholesterol lowering agents or HMG 
CoA reductase inhibitors and a pharmaceutical^ acceptable carrier. 

In yet another aspect of the present invention is disclosed a method for 
inhibiting squalene synthase in a human or lower mammal, comprising 
administering to the patient a therapeutically effective amount of a compound of 
15 the formula (I) of the present invention. 

In yet another aspect of the present invention is disclosed a method for 
inhibiting or treating atherosclerosis or inhibiting or treating hyperlipemia 
which would inhibit the development of atherosclerosis in a human or lower 
mammal, comprising administering to the patient a therapeutically effective 
20 amount of a compound of the formula (I) of the invention alone or in 
combination with another cardiovascular agent. 

Also disclosed is a method for treating fungal infections in a human or 
lower mammal, comprising administering to the patient a therapeutically 
effective amount of a compound of the formula (I) of the invention. 
25 Also disclosed is a method for treating acne in humans, comprising 

administering to the patient a therapeutically effective amount of a compound of 
the formula (I) of the present invention.. 



In yet another aspect of the present invention are disclosed 
30 pharmaceutical compositions which comprise a compound of the formula (I) or 
(II) of the present invention in combination with another chemotherapeutic 
agent and a pharmaceutical^ acceptable carrier. 
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In yet another aspect of the present invention is disclosed a method of 
inhibiting protein famesyltransferase in a human or lower mammal, comprising 
administering to the patient a therapeutically effective amount of a compound of 
the formula (I) or (II) of the present invention. 
5 In yet another aspect of the present invention is disclosed a method of 

treating cancer in a human or lower mammal, comprising administering to the 
patient a therapeutically effective amount of a compound of the formula (I) or (II) 
of the present invention alone or in combination with another chemotherapeutic 
agent 

10 In yet another aspect of the present invention is disclosed a method of 

treating or preventing restenosis in a human or lower mammal, comprising 
administering to the patient a therapeutically effective amount of a compound of 
the formula (I) or (II) of the present invention. 

15 

The compounds of the invention comprise asymmetrically substituted 
carbon atoms. As a result, all stereoisomers of the compounds of the invention 
are meant to be included in the invention, including racemic mixtures, mixtures 
of diastereomers, as well as single diastereomers of the compounds of the 

20 invention. Methods for preparing various stereoisomers are described in E.M. 
White and H.C. Dunathan, J. Amer. Chem. Soc, 78: 6055 - 6057 (1956), R. 
Crigee and H. Hover, Chem. Ber., 93: 2521 - 2524 (1960) and R. Crigee and W. 
Funke, Chem Ber., 94: 2538 - 2539 (1961). The terms "S" and "R" 
configuration, as used herein, are as defined by the IUPAC 1974 

25 Recommendations for Section E, Fundamental Stereochemistry, Pure Appl. 

Chem. (1976) 45, 13-30. 

The terms a and p are employed to describe relative orientation for ring 

substituents on cyclic compounds, i.e., substituted cyclobutanes in the present 
invention. The a-side of the reference plane (the plane formed by the 
30 cyclobutane ring) is that side on which the highest ranking substituent 
(according to the Cahn-lngold-Prelog Sequence Rule) lies at the lowest- 
numbered stereogenic carbon atom. All substituents lying on the same side of 
the reference plane as the highest-ranking substituent are assigned an a 
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descriptor. Those substituents lying on the opposite side of the reference plane 
are assigned a p descriptor. It should be noted that this usage does not 
describe absolute configuration. The terms a and (3 configuration, as used 
herein, are as defined by the Chemical Abstracts Index Guide-Appendix IV 
5 (1987)H203. 

The term "a-amino acid" or "alpha-amino acid" refers to an a-amino acid 
selected from the group consisting of alanine, arginine, asparagine, aspartic 
acid, cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, 

10 lysine, methionine, norleucine, ornithine, phenylalanine, proline, sarcosine, 
serine, threonine, tryptophan, tyrosine and valine. The stereochemistry at the 
asymmetric center can be of the D- or L- configuration. 

The term "p-amino acid" or "beta-amino acid" refers to an amino acid 
wherein the amino group is p to the carboxylic acid functionality. Examples of 

15 p-amino acids include p-alanine, p-phenylalanine and the like. 

The term "dipeptide" as used herein refers to AA1-AA2 wherein AA1 and 
AA2 are independently selected from a- and p-amino acids as described above 
coupled together by an amide bond (-C(O)-NH-) between the carboxy terminus 
of AA1 and the amino terminus of AA2. Examples of dipeptides include H- 

20 Glycyl-Alanine-OH, 

H-Glycyl-p-Alanine-OH, H-Leucyl-Glycine-OH and the like. 

The term "tripeptide" as used herein refers to AA1-AA2-AA3 wherein AA1, 
AA2 and AA3 are independently selected from a- and 
p-amino acids as described above coupled together by amide bonds 
25 (-C(O)-NH-) between the carboxy terminus of AA1 and the amino terminus of 
AA2 and the carboxy terminus of AA2 and the amino terminus of AA3. 
Examples of tripeptides include 

H-Glycyl-Alanyl-Leucine-OH, H-Glycyl-p-Alanyl-Sarcosine-OH, 
H-Leucyl-Glycyl-Alanine-OH and the like. 
30 The term "tetrapeptide" as used herein refers to 

AA1 -AA2-AA3-AA4 wherein AAi, AA2, AA 3 and AA4 are independently selected 
from a- and p-amino acids as described above coupled together by amide 
bonds (-C(O)-NH-) between the carboxy terminus of AA1 and the amino 
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terminus of AA2, the carboxy terminus of AA2 and the amino terminus of AA3, 
and the carboxy terminus of AA3 and the amino terminus of AA4. 

The term "carboxy protecting group" as used herein refers to a 
carboxylic acid protecting ester group employed to block or protect the 

5 carboxylic acid functionality while the reactions involving other functional 
sites of the compound are carried out. Carboxy protecting groups are 
disclosed in Greene, "Protective Groups in Organic Synthesis" pp. 152-186 
(1981), which is hereby incorporated herein by reference. In addition, a 
carboxy protecting group can be used as a prodrug whereby the carboxy 

10 protecting group can be readily cleaved in vivo , for example by enzymatic 
hydrolysis, to release the biologically active parent. T. Higuchi and V. 
Stella provide a thorough discussion of the prodrug concept in "Pro-drugs 
as Novel Delivery Systems", Vol 14 of the A.C.S. Symposium Series, 
American Chemical Society (1975), which is hereby incorporated herein by 

15 reference. Such carboxy protecting groups are well known to those skilled 
in the art, having been extensively used in the protection of carboxyl groups 
in the penicillin and cephalosporin fields, as described in U.S. Pat. No. 
3,840,556 and 3,719,667, the disclosures of which are hereby incorporated 
herein by reference. Examples of esters useful as prodrugs for compounds 

20 containing carboxyl groups can be found on pages 14-21 of "Bioreversible 
Carriers in Drug Design: Theory and Application", edited by E.B. Roche, 
Pergamon Press, New York (1987), which is hereby incorporated herein by 
reference. Representative carboxy protecting groups are C1 to Ce 
loweralkyl (e.g., methyl, ethyl or tertiary butyl and the like); arylalkyl, for 

25 example, phenethyl or benzyl and substituted derivatives thereof such as 
alkoxybenzyl or nitrobenzyl groups and the like; arylalkenyl, for example, 
phenylethenyl and the like; aryl and substituted derivatives thereof, for 
example, 5-indanyl and the like; dialkylaminoalkyl (e.g., 
dimethylaminoethyl and the like); alkanoyloxyalkyl groups such as 

30 acetoxymethyl, butyryloxymethyl, valeryloxymethyl, isobutyryloxymethyl, 
isovaleryloxymethyl, 1-(propionyloxy)-1 -ethyl, 1-(pivaloyloxyl)-1 -ethyl, 1- 
methyl-1 -(propionyloxy)-l -ethyl, pivaloyloxymethyl, propionyloxymethyl 
and the like; cycloalkanoyloxyalkyl groups such as 
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cyclopropylcarbonyloxymethyl, cyclobutylcarbonyloxymethyl, 
cyciopentylcarbonyioxymethyl, cyclohexylcarbonyloxymethyl and the like; 
aroyloxyalkyl, such as benzoyloxymethyl, benzoyloxyethyl and the like; 
aiylalkylcarbonyloxyalkyl, such as benzylcarbonyloxymethyl, 2- 
benzylcarbonyloxyethyl and the like; alkoxycarbonylalkyl or 
cycloalkyloxycarbonylalkyl, such as methoxycarbonylmethyl, 
cyclohexyloxycarbonylmethyl, 1 -methoxycarbony 1-1 -ethyl, and the like; 
alkoxycarbonyloxyalkyl or cycloalkyloxycarbonyloxyalkyl, such as 
methoxycarbonyloxymethyl, t-butyloxycarbonyloxymethyl, 

1- ethoxycarbonyloxy-1 -ethyl, 1-cyclohexyloxycarbonyloxy-1 -ethyl and the 
like; aryloxycarbonyloxyalkyl, such as 2-(phenoxycarbonyloxy)ethyl, 

2- (5-indanyloxycarbonyloxy)ethyl and the like; alkoxyalkylcarbonyloxyalkyl, 
such as 2-(1-methoxy-2-methylpropan-2-oyloxy)ethyl and like; 
arylalkyloxycarbonyloxyalkyl, such as 2-(benzyloxycarbonyloxy)ethyl and 
the like; arylalkenyloxycarbonyloxyalkyl, such as 2-(3-phenylpropen-2- 
yloxycarbonyloxy)ethyl and the like; alkoxycarbonylaminoalkyl, such as 
t-butyloxycarbonylaminomethyl and the like; 

alkylaminocarbonylaminoalkyl, such as methylaminocarbonylaminomethyl 
and the like; alkanoylaminoalkyl, such as acetylaminomethyl and the like; 
heterocycliccarbonyloxyalkyl, such as 4- 
methylpiperazinylcarbonyloxymethyl and the like; 
dialkylaminocarbonylalkyl, such as dimethylaminocarbonylmethyl, 
diethylaminocarbonylmethyl and the like; (5-(loweralkyl)-2-oxo-1 ,3- 
dioxolen-4-yl)alkyl, such as (5-t-butyl-2-oxo-1,3-dioxolen-4-yl)methyl and 
the like; and (5-phenyl-2-oxo-1,3-dioxolen-4-yl)alkyl, such as (5-phenyl-2- 
oxo-1 ,3-dioxolen-4-yl)methyl and the like. 

Preferred carboxy-protected compounds of the invention are 
compounds wherein the protected carboxy group is a loweralkyl, cycloalkyl 
or arylalkyl ester, for example, methyl ester, ethyl ester, propyl ester, 
isopropyl ester, butyl ester, sec-butyl ester, isobutyl ester, amyl ester, 
isoamyl ester, octyl ester, cyclohexyl ester, phenylethyl ester and the like or 
an alkanoyloxyalkyl, cycloalkanoyloxyalkyl, aroyloxyalkyl or an 
arylalkylcarbonyloxyalkyl ester. 
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The term "N-protecting group" or "N-protected" as used herein refers 
to those groups intended to protect the N-terminus of an amino acid or 
peptide or to protect an amino group against undersirable reactions during 
synthetic procedures. Commonly used N-protecting groups are disclosed 
5 in Greene, "Protective Groups In Organic Synthesis," (John Wiley & Sons, 
New York (1981)), which is hereby incorporated by reference. N- 
protecting groups comprise acyl groups such as formyl, acetyl, propionyl, 
pivaloyl, 

t-butylacetyl, 2-chloroacetyl, 2-bromoacetyl, trifluoroacetyl, trichloroacetyl, 

10 phthalyl, o-nitrophenoxyacetyl, a-chlorobutyryl, benzoyl, 4-chlorobenzoyl, 
4-bromobenzoyl, 4-nitrobenzoyl, and the like; sulfonyl groups such as 
benzenesulfonyl, p-toluenesulfonyl and the like; carbamate forming groups 
such as benzyloxycarbonyl, p-chlorobenzyloxycarbonyl, 
p-methoxybenzyloxycarbonyl, p-nitrobenzyloxycarbonyl, 

15 2-nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl, 

3,4-dimethoxybenzyloxycarbonyl, 3,5-dimethoxybenzyloxycarbonyl, 
2,4-dimethoxybenzyloxycarbonyl, 4-methoxybenzyloxycarbonyl, 
2-nitro-4,5-dimethoxybenzyloxycarbonyl, 3,4,5- 
trimethoxybenzyloxycarbonyl, 

20 1 -(p-biphenylyl)- 1 -methylethoxycarbonyl, 

a,a-dimethyl-3,5-dimethoxybenzyloxycarbonyl, benzhydryloxycarbonyl, 
t-butyloxycarbonyl, diisopropylmethoxycarbonyl, isopropyloxycarbonyl, 
ethoxycarbonyl, methoxycarbonyl, allyloxycarbonyl, 
2,2,2,-trichloroethoxycarbonyl, phenoxycarbonyl, 

25 4-nitrophenoxycarbonyl, fluorenyl-9-methoxycarbonyl, 

cyclopentyloxycarbonyl, adamantyloxycarbonyl, cyclohexyloxycarbonyl, 
phenylthiocarbonyl and the like; alkyl groups such as benzyl, 
triphenylmethyl, benzyloxymethyl and the like; and silyl groups such as 
trimethylsilyl and the like. Preferred N-protecting groups are formyl, acetyl, 

30 benzoyl, pivaloyl, t-butylacetyl, phenylsulfonyl, benzyl, 
t-butyloxycarbonyl (Boc) and benzyloxycarbonyl (Cbz). 

The term "alkanoyl" as used herein refers to R 85 C(0)- wherein R 85 is a 

loweralkyl group. 
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The term "alkanoylaminoalkyl" as used herein refers to a loweralkyl 
radical to which is appended R 86 -NH- wherein R 86 is an alkanoyl group. 

The term "alkanoyloxy' as used herein refers to R 87 C(0)-0- wherein R 67 

is a loweralkyl group. 
. 5 The term "alkanoyloxyalkyl" as used herein refers to a loweralkyl radical 

to which is appended an alkanoyloxy group. 

The term "alkenyl" as used herein refers to a branched or straight 

hydrocarbon chain comprising two to twenty carbon atoms which also 

comprises one or more carbon-carbon double bonds. Representative 
10 alkenyl groups include 2-propenyl (i.e., allyl), 3-methyl-2-butenyl, 3,7- 

dimethyl-2,6-octadienyl, 4,8-dimethyl-3,7-nonadienyl, 3,7, 1 1 -trimethyl- 

2,6,10-dodecatrienyl and the like. 

The term "alkenylene" denotes a divalent group derived from a 

straight or branched chain hydrocarbon containing from 2 to 10 carbon 
15 atoms and also containing at least one carbon-carbon double bond. 

Examples of alkenylene include -CH=CH-, -CH 2 CH=CH-, -C(CH 3 )=CH-, 

-CH 2 CH=CHCH 2 -, and the like. 

The term "alkdxy" as used herein refers to RO- wherein R is a 

loweralkyl group. Representative examples of alkoxy groups include 
20 methoxy, ethoxy, t-butoxy and the like. 

The term "alkoxyalkoxy" as used herein refers to R 8 oO-R 8 iO- 

wherein R 8 o is loweralkyl as defined above and R 8 i is an alkylene group. 

Representative examples of alkoxyalkoxy groups include methoxymethoxy, 

ethoxymethoxy, t-butoxymethoxy and the like. 
25 The term "alkoxyalkyl" as used herein refers to an alkoxy group as 

previously defined appended to an alkyl radical as previously defined. 

Examples of alkoxyalkyl include, but are not limited to, methoxymethyl, 

methoxyethyl, isopropoxymethyl and the like. 

The term "alkoxyalkylcarbonyloxyalkyl" as used herein refers to a 
30 loweralkyl radical to which is appended R 96 -C(0)-0- wherein R 96 is an 

alkoxyalkyl group. 

The term "alkoxycarbonyl" as used herein refers to an alkoxy group 
as previously defined appended to the parent molecular moiety through a 
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carbonyl group. Examples of alkoxycarbonyl include methoxycarbonyl, 
ethoxycarbonyl, isopropoxycarbonyl and the like. 

The term "alkoxycarbonylalkyl" as used herein refers to an 
alkoxylcarbonyl group as previously defined appended to a loweralkyl 
radical. Examples of alkoxycarbonylalkyl include methoxycarbonylmethyl, 
2-ethoxycaibonylethyl and the like. 

The term "alkoxycarbonylaminoalkyl" as used herein refers to a 
loweralkyl radical to which is appended R 97 -NH- wherein R 97 is an 
alkoxycarbonyl group. 

The term "alkoxycarbonyloxyalkyl" as used herein refers to a loweralkyl 
radical to which is appended R 93 -0- wherein R g3 is an alkoxycarbonyl group. 

The term "alkylamino" as used herein refers to R51NH- wherein R51 
is a loweralkyl group, for example, methylamino, ethylamino, butylamino, 
and the like. 

The term "altylaminocarbonylaminoalkyl" as used herein refers to a 
loweralkyl radical to which is appended R 98 -C(0)-NH- wherein R 98 is an 

alkylamino group. 

The term "alkylsulfonyl" as used herein refers to R 82 S(0) 2 - wherein 

R 82 is a loweralkyl group. 

The term "alkylene" denotes a divalent group derived from a straight 
or branched chain saturated hydrocarbon having from 1 to 1 0 carbon 
atoms by the removal of two hydrogen atoms, for example methylene, 1 ,2- 
ethylene, 1,1 -ethylene, 1 ,3-propylene, 2,2-dimethylpropylene, and the like. 

The term "alkylsulfonylalkyl" as used herein refers to a loweralkyl 
radical to which is appended an alkylsulfonyl group. 

The term "alkynyl" as used herein refers to a branched or straight 
hydrocarbon chain comprising two to twenty carbon atoms which also 
comprises one or more carbon-carbon triple bonds. Representative alkynyl 
groups include ethynyl, 2-propynyl (propargyl), 1-propynyl and the like. 

The term "amino" as used herein refers to -NH2. 

The term "aminoalkyl" as used herein refers a loweralkyl radical to 
which is appended an amino group. 
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The term "aroyloxyalkyl" as used herein refers to an alkyl radical 
which is substituted with R2oC(0)-0- where R20 is an aryl group. Examples 
of aroyloxyalkyl groups include benzoyloxymethyl, 1-naphthoyloxymethyl, 
2-naphthoyloxymethyl and the like. 
5 The term "aryl" as used herein refers to a mono-, bi- or tricyclic 

carbocyclic ring system comprising 6-14 carbon atoms and having one, two or 
three aromatic rings including, but not limited to, phenyl, naphthyl, 
tetrahydronaphthyl, indanyl, indenyl, fluorenyl, anthracenyl, dihydroanthracenyl 
and the like. Aryl groups can be unsubstrtuted or substituted with one, two or 
10 three substituents independently selected from loweralkyl, haloalkyl, alkoxy, 
thioalkoxy, amino, alkylamino, dialkylamino, hydroxy, halo, mercapto, nitro, 
carboxaldehyde, carboxy, alkoxycarbonyl and carboxamide. In addition, 
substituted aryl groups include tetrafluorophenyl and pentafluorophenyL 

The term "arylalkenyl" as used herein refers to an aryl group as 
15 previously defined appended to an alkenyl radical as previously defined. 
Examples of arylalkenyl include styryl (i.e., 2-phenylethenyl), 2-(1- 
naphthyl)ethenyl and the like. 

The term "arylalkenyloxycarbonyloxyalkyl" as used herein refers to a 
loweralkyl radical to which is appended R 95 -0-C(0)-0- wherein R 95 is an 

20 arylalkenyl group. 

The term "arylalkoxy" as used herein refers to R 8 40- wherein R^ is 

an arylalkyl group. 

The term "arylalkoxyalkenyl" as used herein refers to an alkenyl 
radical to which is appended an arylalkoxy group. 
25 The term "arylalkyl* as used herein refers to a loweralkyl radical to 

which is appended an aryl group. Representative arylalkyl groups include 
benzyl, phenylethyl, hydroxybenzyl, fluorobenzyl, fluorophenylethyl and the 
like. 

The term "arylalkylcarbonyloxyalkyl" as used herein refers to a loweralkyl 
30 radical to which is appended an arylalkylcarbonyloxy group (i.e., R 91 C(0)0- 
wherein R 91 is an arylalkyl group). 
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The term "arylalkyloxycarbonyloxyalkyl" as used herein refers to a 
loweralkyl radical to which is appended R 92 -0-C(0)-0- wherein R 92 is an 

arylalkyi group. 

The term "arylalkynyl" as used herein refers to an alkynyl radical to 

5 which is appended an aryl group. 

The term "aryloxy" as used herein refers to R e3 0- wherein R 83 is an 

aryl group. 

The term "aryloxyalkenyl" as used herein refers to an alkenyl radical 
to which is appended an aryloxy group. 
10 The term "aryloxyalkyl" as used herein refers to a loweralkyl radical 

to which is appended an aryloxy group. 

The term "aryloxycarbonyloxyalkyl" as used herein refers to a loweralkyl 
radical to which is appended R 94 -0-C(0)-0- wherein R^ is an aryl group. 

The term "aryl-substHuted cycloalkylalkyl" as used herein refers to a 
15 cycloalkylalkyl radical in which the alkyl portion of the radical is substituted 
with an aryl group. Examples of aryl-substituted cycloalkylalkyl include 
a-(cyclopropylmethyl)benzyl, a-(cyclobutylmethyl)benzyl and the like. 

The term "carboxaldehyde" as used herein refers to the group 
-C(0)H. 

20 The term "carboxamide" as used herein refers to the group 

-C(0)NH 2 . 

The term "carboxyalkyl" as used herein refers to a loweralkyl radical 
to which is appended a carboxy (-COOH) group. 

The term "cycloalkanoyloxyalkyl" as used herein refers to a loweralkyl 
25 radical to which is appended a cycloalkanoyloxy group (i.e., R 88 -C(0)0- 
wherein R 88 is a cycloalkyl group). 

The term "cycloalkyl" as used herein refers to an alicyclic group 
comprising from 3 to 10 carbon atoms including, but not limited to, 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, norbomyl, adamantyl and 
30 the like. 

The term "cycloalkylalkyl" as used herein refers to a loweralkyl 
radical to which is appended a cycloalkyl group. Representative examples 
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of cycloalkylalkyl include cyclopropylmethyl, cyclohexylmethyl, 2- 
(cyclopropyl)ethyl, adamantylmethyl and the like. 

The term "cycloalkyloxycarbonylalkyl" as used herein refers to a 
loweralkyl radical to which is appended R 89 -0-C(0)- wherein R 89 is a cycloalkyl 

5 group. 

The term "cycloalkyloxycarbonyloxyalkyl" as used herein refers to a 
loweralkyl radical to which is appended R 90 -O-C(O)-O- wherein R 90 is a 

cycloalkyl group. 

The term "dialkylamino" as used herein refers to R56R57N- wherein 
10 R56 and R57 are independently selected from loweralkyl, for example 
dimethylamino, diethylamino, methyl propylamino, and the like. 

The term "dialkylaminoalkyl" as used herein refers to a loweralkyl radical 
to which is appended a dialkylamino group. 

The term "dialkyaminocarbonylalkyl" as used herein refers to a loweralkyl 
15 radical to which is appended R 99 -C(0)- wherein R 99 is a dialkylamino group. 

The term "haloalkyl" as used herein refers to a lower alkyl radical, as 
defined above, bearing at least one halogen substituent, for example, 
chloromethyl, fluoroethyl or trifluoromethyl and the like. 

The term "halogen" or "halo" as used herein refers to I, Br, CI or F. 

20 The term "heterocyclic ring" or "heterocyclic" or "heterocycle" as used 

herein refers to any 3- or 4-membered ring containing a heteroatom 
selected from oxygen, nitrogen and sulfur; or a 5-, 6- or 7-membered ring 
containing one, two or three heteroatoms independently selected from the 
group consisting of nitrogen, oxygen and sulfur or a 5-membered ring 

25 containing 4 nitrogen atoms; and includes a 5-, 6- or 7-membered ring 
containing one, two or three nitrogen atoms; one oxygen atom; one sulfur 
atom; one nitrogen and one sulfur atom; one nitrogen and one oxygen 
atom; two oxygen atoms in non-adjacent positions; one oxygen and one 
sulfur atom in non-adjacent positions; two sulfur atoms in non-adjacent 

30 positions; two sulfur atoms in adjacent positions and one nitrogen atom; 
two adjacent nitrogen atoms and one sulfur atom; two non-adjacent 
nitrogen atoms and one sulfur atom; two non-adjacent nitrogen atoms and 
one oxygen atom. The 5-membered ring has 0-2 double bonds and the 6- 
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and 7-membered rings have 0-3 double bonds. The nitrogen heteroatoms 
can be optionally quatemized. The term "heterocyclic" also includes 
bicyclic groups in which any of the above heterocyclic rings is fused to a 
benzene ring or a cyclohexane ring or another heterocyclic ring (for 
example, indolyl, quinolyl, isoquinolyl, tetrahydroquinolyl, benzofuryl or 
benzothienyl and the like). Heterocyclics include: azetidinyl, pyrrolyl, 
pyrrolinyl, pyrrolidinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, imidazolyl, 
imidazolinyl, imidazolidinyl, pyridyl, piperidinyl, homopiperidinyl, pyrazinyl, 
piperazinyl, pyrimidinyl, pyridazinyl, oxazolyl, oxazolidinyl, isoxazolyl, 
isoxazolidinyl, morpholinyl, thiazolyl, thiazolidinyl, isothiazolyl, 
isothiazolidinyl, indolyl, quinolinyl, isoquinolinyl, benzimidazolyl, 
benzothiazolyl, benzoxazolyl, furyl, thienyl, thiazolidinyl, isothiazolyl, 
triazolyl, tetrazolyl, isoxazolyl, oxadiazolyl, thiadiazolyl, pyrrolyl, pyrimidyl 
and benzothienyl. Heterocyclics also include compounds of the formula 



where R" is hydrogen or Ci-C4-alkyl and v is 1 , 2 or 3 such as 1 ,3- 
benzodioxolyl, 1 ,4-benzodioxanyl and the like. 

Heterocyclics can be unsubstituted or monosubstituted or 
disubstituted with substituents independently selected from hydroxy, halo, 
oxo (=0), alkylimino (R*N= wherein R* is a loweralkyl group), amino, 
alkylamino, dialkylamino, alkoxy, alkoxyalkoxy, haloalkyl, cycloalkyl, aryl, 
arylalkyl, -COOH, -SO3H and loweralkyl- In addition, nitrogen containing 
heterocycles can be N-protected. 

The term "(heterocyclic)alkyl n as used herein refers to a heterocyclic 
group as defined above appended to a loweralkyl radical as defined 
above. Examples of heterocyclic alkyl include 2-pyridylmethyl, 4- 
pyridylmethyl, 4-quinolinylmethyl and the like. 

The term "heterocycliccarbonyloxyalkyl" as used herein refers to a 
loweralkyl radical to which is appended R 100 -C(O)-O- wherein R 100 is a 

heterocyclic group. 




where X* is -CH 2 - or -O- and Y* is -C(0)- or [-C(R") 2 -]v 
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The term "heterocyclic-substituted cycloalkylalkyl" as used herein 
refers to a cycloalkylalkyl radical in which the alkyl portion of the radical is 
substituted with a heterocyclic group. Examples of heterocyclic-substituted 
cycloalkylalkyl include a-(cyclopropylmethyI)furan-2-ylmethyl, a- 
5 (cyclobutylmethyl)thien-2-ylmethyl and the like. 

The term "hydroxyalkyl" as used herein refers to a loweralkyl radical 
to which is appended a hydroxy (-OH) group. 

The term "loweralkyl" as used herein refers to branched or straight 
chain alkyl groups comprising one to ten carbon atoms, including methyl, 
10 ethyl, propyl, isopropyl, n-butyl, t-butyl, neopentyl and the like. 

The term "thioalkoxy* as used herein refers to R70S- wherein R70 is 
loweralkyl. Examples of thioalkoxy include, but are not limited to, 
methylthio, ethylthio and the like. 

The term thioalkoxyalkyl" as used herein refers to a thioalkoxy 
15 group as previously defined appended to a loweralkyl radical as previously 
defined. Examples of thioalkoxyalkyl include thiomethoxymethyl, 2- 
thiomethoxyethyl and the like. 

The term "1 ,2,3,4-cyclobutanetetracarboxylic dianhydride" as used 
herein refers to the (1.2/3.4) compound wherein the two anhydride rings are 
20 trans (i.e., on opposite sides of the plane formed by the cyclobutane ring) to one 




another. The relative stereochemistry is as shown. 

The term "(heterocyclic)carbonyl" as used herein refers to R 2 3-C(0)- 
where R23 is a heterocyclic radical. Examples of heterocycliccarbonyl include 
quinoline-2-carbonyl, isoquinolin-1-carbonyl and the like. 
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The term "tetrazolyl" or "5-tetrazolyl" as used herein refers to a radical of 
the formula 



" or a tautomer thereof. 

Representative compounds of the invention include: 
(1 a,2P,3p\4a)-1 -[N-Benzyl-N-{(4S*,5S*)-(4-hydroxy-5-methyl)-6- 

phenylhexyl}aminocart?onyl]cyclobutane-2,3,4-tricarboxylic acid; 
(1a,2p,3p,4a)-1-[N-Benzyl-N-{(4S*,5S*)-(4-acetoxy-5-methyl)-6- 

phenylhexyl}aminocarbonyl]cyclobutane-2,3,4-tricarboxylic acid; 
(1a,2p,3p,4a)-1-[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]-2,4- 

di(benzyloxycarbonyl)cyclobutane-3-carboxylic acid; 
(1a,2p,3p,4a)-1-[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]-cyclobutane- 

2,3,4-tricarboxylic acid; 
(1a,2p,3p,4a)-1-[N-(Thien-2-ylmethyl)-N-(4-phenoxybenzyl)-aminocarbonyl]- 

2,4-di(benzyloxycarbonyl)cyclobutane-3-carboxylic acid; 
(1 a,2p,3p,4a)-1 -[N-(Thien-2-ylmethyl)-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-2,3,4-tricarboxylic acid; 
(1a,2p,3p,4a)-1-[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]-2 l 4- 

di(benzyloxycarbonyl)-3-(methyloxycarbonyl)cyclobutane; 
(1 a,2p,3p,4a)-1 -[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]-3- 

(methyloxycarbonyl)cyclobutane-2,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 -[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]-3,4- 

di(benzyloxycarbonyl)cyclobutane-2-carboxylic acid; 
(1a,2p,3p,4a)-1-[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]-4- 

(methyloxycarbonyl)cyclobutane-2,3-dicarboxylic acid; 
(1a,2p,3p,4a)-1-[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]-2,3- 

di(methoxycarbonyl)-4-(diphenylmethyloxycarbonyl)cyclobutane; 
(1a,2p,3p,4a)-1-[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]-2,3- 

di(methoxycarbonyl)cyclobutane-4-carboxylic acid; 
(1a,2p,3p,4a)-1-[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]-2- 

(methyloxycarbonyl)cyclobutane-3,4-dicarboxylic acid; 



N— N 
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(la^p^p^aJ-HN-Benzyl-N-ftra^ 

cyclobutane-2,3 f 4-tricarboxylic acid; 
(la.Zp.ap^aJ-l-IN-Benzyl-N^trans^rans-S-phenyl^^- 

pentadienyl)aminocarbonyl] cyclobutane^S^-tricarboxylic acid; 
(1a t 2P,3p i 4a)-1-[N-Benzyl-N-(cis-4-benzyloxy-2-butenyl)aminocart)ony 

cyclobutane-2,3,4-tricarboxylic acid; 
(la^p^P^aJ-l-tN-Benzyl-N^-phenoxy-cis^-butenyOaminocarbonyl] 

cycIobutane-2,3,4-tricarboxylic acid; 
(-)-(1a,2p,3p t 4a)-1-[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]- 

cyclobutane-2 f 3,4-tricarboxylic acid; 
(+)-(1a f 2p,3p t 4a)-1-[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]- 

cyclobutane"2,3,4-tricarboxylic acid; 
(1S,2S l 3S l 4S)-2 > 3-Di(benzyloxycarbonyl)-4-[N-{(2S l 3R)-4-(3,4- 

dichlorophenyl)-3-(2-naphthoyloxy)-2-butyl}aminocarbony]-cyclobutane- 

1-carboxylic acid; 
(1 R f 2R,3R,4R)-2,3-Di(benzyto^ 

3-(2-naphthoyloxy)-2-butyl}aminocarbonyl]-cyclpbutane-1-carboxylic 

acid; 

(1S,2R,3R,4R)-3-Methoxycarbonyl-4W^ 

naphthoyloxy)-2-butyl}aminocarbonyl]cyclobutane-1 ,2-dicarboxylic acid; 
(1R,2S,3S,4S)-3-Methoxycaitony^^ 

naphthoyloxy)-2-butyl}aminocarbonyl]-cyclobutane-1,2-dicarboxylic 

acid; 

(1S,2R,3R l 4R)^-[N-{(2S l 3R)-4-(3,4-Dichlorophenyl)-3-(2-naphthoy^ 
butyl}aminocarbonyl]cyclobutane-1 ,2,3-tricarboxylic acid; 

(1R,2S f 3S f 4S)-4-[N-{(2S f 3R)-4-(3,4-Dichlorophenyl)-3-(2- naphthoyloxy)-2- 
butyI}amjnocarbonyl]cyclobutane-1 ,2,3-tricarboxylic acid; 

(1S,2S ) 3S I 4S)-3-Methoxycarbonyl-4-[N-{(2S,3R)-4-(3,4-dichlorophenyl)-3-(2- 
naphthoyloxy)-2-butyl}aminocarbonyl]"Cyclobutane-1 f 2-dicarboxylic 

acid; 

(1a f 2a,3p,4p)-4-[N-{(2S t 3R)-4-(4-chlorophenyl)-3-(4-biphenylyl)-2- 
buty!}aminocarbonyl]cyclobutane-1 ,2,3-tricarboxylic acid; 
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(1a,2p,3p,4a)-2-Carbomethoxy-4-[N-{(1S,2R)-4-(3,4-dichlorophenyl)-3-(2- 
naphthoyloxy)-2-butyl}aminocarbony]-1 ,3-dicarboxylic acid; 

(ip,2a,3a,4p)-2-Carbomethoxy-4-[N-{(1S,2R)-4-(3,4-dichlorophenyl)-3-(2- 
naphthoyloxy)-2-butyI}aminocarbony]-1 ,3-dicarboxylic acid; 

(1a,2p,3P)-3-[N-{(2S,3R)-4-(3,4-Dichlorophenyl)-3-(2-naphthoyloxy)-2- 

butyl}aminocarbony]-1 ,2-dicarboxylic acid; 
(1a,2p,3P)-3-[N-{2S,3R}-4-(3,4-Dichlorophenyl)-3-(2-naphthoyloxy)-2- 

butyl}aminocarbony]cyclobutane-1 ,2-dicarboxylic acid; 
(1p,2p,3a)-3-[N-{2S,3R}-4-(3,4-Dichlorophenyl)-3-(2-naphthoyloxy)-2- 

butyl}aminocarbony]cyclobutane-1 ,2-dicarboxylic acid; 
(ip,2a,3a)-3-[N-{(2S,3R)-4-(4-chlorophenyl)-3-(4-biphenylyl)-2- 

butyl}aminocarbonyl]cyclobutane-1 ,2-dicarboxylic acid; 
(ip,2p,3a,4a)-4-[N-Benzyl-N-(10-phenyldecyl)aminocarbonyl]cyclobutane- 

1 ,2,3-tricarboxyiic acid; 
(ip,2p,3a,4a)-4-[N-Benzyl-N-(8-phenylocyl)aminocarbonyl]cyclobutane-1,2,3- 

tricarboxylic acid; 

2-[N-{(2S,3R)-4-(4-Chlorophenyl)-3-(4-biphenylyl)-2-butyl}aminocarbonyl]- 

cyclobutane-1-carboxyiic acid; 
(1p,2p,3a,4a)-4-[N-Benzyl-N-(4-(3-chlorophenoxy)benzyl)aminocarbonylJ- 

cyclobutane-1 ,2,3-tricarboxylic acid; 
(1p,2p,3a,4a)-4-[N-Benzyl-N-(2-chloro-4-(phenoxy)benzyl)aminocarbonyl]- 

cyclobutane-1 ,2,3-tricarboxylic acid; 
(ip,2p,3a,4a)-4-[N-Benzyl-N-(3-chloro-4-(phenoxy)benzyl)aminocarbonyl]- 

cyclobutane-1 ,2,3-tricarboxylic acid; 
(±)-(1a,2p,4a)-2-[N-{(2S,3R)-4-(4-Chlorophenyl)-3-(4-biphenylyl)-2- 

butyl}aminocarbonyl]-4-hydroxymethylcyclobutane-1-carboxylic acid; 
(1a,2p,3p,4a)-1-{N-Benzyl-N-[(4S*,5S*)-(4-acetoxy-5-methyl)-6- 

phenylhexyl]aminocarbonyl}cyclobutane-2,3,4-tricarboxylic acid; 
(1a,2p,3p,4a)-4-{N-Propyl-N-[(4S*,5S*)-(5-methyl-4-naphthoyloxy)-6- 

phenylhexyl]aminocarbonyl}cyclobutane-1 ,2,3-tricarboxylic acid; 
(1a,2a,3p,4p)-4-{N-Propyl-N-[(R)-6-methyl-9-phenyl-(E)-4- 

nonenyl]aminocarbonyl}cyclobutane-1 ,2,3-tricarboxylic acid; 
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(1a,2a,3p,4p)-4-{N-Benzyl-N-[(R)-6-methyl-9-phenyl-(E)-4- 

nonenyl]aminocarbonyl}cyclobutane-1 ,2,3-tricarboxylic acid; 
(1p,2a,3a,4p)-4-[N-{2S,3R}-4-(3,4-dichlorophenyl)-3-(2-naphthoyloxy)-2- 

butyl}aminocarbony]]cyclobutane-1 ,2,3-tricaiboxylic acid; 
(1S,2S I 3S,4S)-2,3-Di(benzyloxycarbonyl)-4-[N-{(2S I 3R)-4-(4-chlorophenyl)-3- 

(4-biphenylyl)-2-butyl}aminocarbonylJ-cyclobutane-1 -carboxylic acid; 
(1R,2R,3R,4R)-2,3-Di(benzyloxycarbonyl)-4-[N-{(2S,3R)-4-(4-chlorophenyl)-3- 

(4-biphenyly!)-2-butyl}aminocarbonyl]-cyclobutane-1 -carboxylic acid; 
(1S,2R,3R,4R)-3-Methoxycarbonyl-4-[N-{(2S,3R)-4-(4-chlorophenyl)-3-(4- 

biphenylyl)-2-butyl}arninocarbonyl]cyclobutane-1 ,2- dicarboxylic acid; 
(1R,2S,3S,4S)-3-Methoxycarbonyl-4-[N-{(2S,3R)-4-(4-chlorophenyl)-3-(4- 

biphenylyl)-2-butyl}aminocarbonyl]cyclobutane-1 ,2-dicarboxylic acid; 
(1S,2R,3R,4R)-4-[N-{(2S,3R)-4-(4-chlorophenyl)-3-(4-biphenylyl)-2- 

butyl}aminocarbonyl]cyclobutane-1 ,2,3-tricarboxylic acid; 
(1R,2S,3S,4S)-4-[N-{(2S,3R)-4-(4-chlorophenyl)-3-(4-biphenylyl)-2- 

butyl}aminocarbonyl]cyclobutane-1 ,2,3-tricarboxylic acid; 
(1S,2S,3S,4S)-3-Methoxycarbonyl-4-[N-{(2S,3R)-4-(4-chlorophenyl)-3-(4- 

biphenylyl)-2-butyl}aminocarbonyl]cyclobutane-1 ,2- dicarboxylic acid; 
(1a,2p,3p,4a)-2-Carbomethoxy-4-[N-{(2S,3R)-4-(4-chlorophenyl)-3-(4- 

biphenylyl)-2-butyl}aminocarbonyl]cyclobutane-1,3-dicarboxylic acid; 
(ip,2a,3a,4p)-2-Carbomethoxy-4-[N-{(2S,3R)-4-(4-chlorophenyl)-3-(4- 

biphenylyl)-2-butyl}aminocarbonyl]cyclobutane-1,3-dicarboxylic acid; 
(1a,2p,3p)-3-[N-{(2S,3R)-4-(4-chlorophenyl)-3-(4-biphenylyl)-2- 

butyl}aminocarbonyl]cyclobutane-1 ,2-dicarboxylic acid; 
(1a,2p,3P)-3-[N-{(2S,3R)-4-(4-chlorophenyl)-3-(4-biphenylyl)-2- 

butyl}aminocarbonyl]cyclobutane-1 ,2-dicarboxylic acid; and 
(1p,2p,3a)-3-[N-{(2S,3R)-4-(4-chlorophenyl)-3-(4-biphenylyl)-2- 

butyl}aminocarbonyl]cyclobutane-1 ,2-dicarboxylic acid; 
or a pharmaceutical^ acceptable salt thereof. 

Preferred compounds are selected from the group consisting of: 
(1a,2p,3p,4a)-1-[N-Benzyl-N-{(4S*,5S")-(4-hydroxy-5-methyl)-6- 

phenylhexyl}aminocarbonyl]cyclobutane-2,3,4-tricarboxylic acid; 
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(1a,23,3p,4a)-1-[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]-cyclobutane- 

2,3,4-tricarboxylic acid; 
(1 a,2p,3p,4a)-1 -[N-(Thien-2-ylmethyl)-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-2,3,4-tricarboxylic acid; 
(1 a,2p,3p,4a)-1 -[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]-3- 

(methyioxycarbonyl)cyclobutane-2,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 -[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]-4- 

(methyloxycarbonyl)cyclobutane-2,3-dicarboxylic acid; 
(1 a,2p,3p\4a)-1 -[N-Benzyl-N-(trans-3-phenyl-2-propenyl)- 

aminocaitonyl]cyclobutane-2,3,4-tricarboxylic acid; 
(-)-(1a,2p,3p,4a)-1-[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]- 

cyclobutane-2,3,4-tricarboxylic acid; 
(+)-(1a,2p,3p i 4a)-1-[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]- 

cyclobutane-2,3,4-tricarboxylic acid; 
(1S,2R,3R,4R)-3-Methoxycarbonyl-4-[N-{{2S,3R)-4-(3,4-dichlorophenyl)-3-(2- 

naphthoyloxy)-2-butyl}aminocarbonyl]-cyclobutane-1,2-dicarboxylic 
acid; 

(1R,2S,3S,4S)-3-Methoxycarbonyl-4-[N-{(2S,3R)-4-(3,4-dichlorophenyl)-3-(2- 
naphthoyloxy)-2-butyl}aminocarbonyl]-cyclobutane-1,2-dicarboxylic 

acid; 

(1S,2R,3R,4R)-4-[N-{(2S,3R)-4-(3 l 4-Dichlorophenyl)-3-(2-naphthoyioxy)-2- 

butyl}aminocarbonyl]cyclobutane-1 ,2,3-tricarboxylic acid; 
(1R,2S,3S,4S)-4-[N-{(2S,3R)-4-(3,4-Dichlorophenyl)-3-(2-naphthoyloxy)-2- 

butyl}aminocarbonyl]cyclobutane-1 ,2,3-tricarboxylic acid; 
(1S,2S,3S,4S)-3-M8thoxycarbonyl-4-[N-{(2S,3R)-4-(3,4-dichlorophenyl)-3-(2- 

naphthoyloxy)-2-butyl}aminocarbonyl]cyclobutane-1,2-dicarboxylic acid; 
(1a,2a,3p,4P)-4-[N-{(2S,3R)-4-(4-chlorophenyl)-3-(4-biphenylyl)-2- 

butyl}aminocarbonyl]cyclobutane-1 ,2,3-tricarboxylic acid; 
( 1 a,2p,3p,4a)-2-Carbomethoxy-4-[N-{(1 S,2R)-4-(3,4-dichlorophenyl)-3-(2- 

naphthoyloxy)-2-butyl}aminocarbony]cyclobutane-1,3-dicarboxylic acid; 
(ip,2a,3a,4p)-2-Carbomethoxy-4-[N-{(1S,2R)-4-(3,4-dichlorophenyl)-3- (2- 

naphthoyloxy)-2-butyl}aminocarbony]cyclobutane-1,3-dicarboxylic acid; 
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(1a,2p,3P)-3-[N-{(2S,3R)-4-(3,4-Dichlorophenyl)-3-(2-naphthoyloxy)-2- 

butyl}aminocarbony]cyclobutane-1 ,2-dicarboxylic acid; 
(1a,2p,3P)-3-[N-{2S I 3R}-4-(3,4-Dichlorophenyl)-3-(2-naphthoyloxy)-2- 

butyl}aminocarbony]cyclobutane-1 ,2-dicarboxylic acid; 
(ip,2p,3a)-3-[N-{2S,3R}-4-(3 ) 4-Dichlorophenyl)-3-(2-naphthoyloxy)-2- 

butyl}aminocarbony]cyclobutane-1 ,2-dicarboxylic acid; 
(ip,2a,3a)-3-[N-{(2S,3R)-4-(4-chlorophenyl)-3-(4-biphenylyl)-2- 

butyl}aminocarbonyl]cyclobutane-1 ,2-dicarboxylic acid; 
(1p,2p,3a,4a)-4-[N-Benzyl-N-(10-phenyldecyl)aminocarbonyl]cyclobutane- 

1 ,2,3-tricarboxylic acid; 
(Ip^p.Sa^aJ^-tN-Benzyl-N-tS-phenylocyOaminocarbonyllcyclobutane-I^.S- 

tricarboxylic acid; 

2-[N-{(2S,3R)-4-(4-Chlorophenyl)-3-(4-biphenylyl)-2-butyl}aminocarbonyl]- 

cyclobutane-1-carboxylic acid; 
(1p,2p,3a,4a)-4-[N-Benzyl-N-(4-{3-chlorophenoxy)benzyl)aminocarbonyl]- 

cyclobutane-1 ,2,3-tricarboxylic acid; 
(ip,2p,3a,4a)-4-[N-Benzyl-N-(2-chloro-4-(phenoxy)benzyl)aminocarbonyl]- 

cyclobutane-1 ,2,3-tricarboxylic acid; 
(1p,2p,3a,4a)-4-[N-Benzyl-N-(3-chloro-4-(phenoxy)benzyl)aminocarbohyl]- 

cyclobutane-1 ,2,3-tricarboxylic acid; 
(±)-(1a,2p,4a)-2-{N-{(2S,3R)-4-(4-Chlorophenyl)-3-(4-biphenylyl)-2- 

butyl}aminocarbonyl]-4-hydroxymethylcyclobutane-1 -carboxylic acid; 
(1 a,2p,3p,4a)-1 -{N-Benzyl-N-[(4S*,5S*)-(4-acetoxy-5-methyl)-6- 

phenylhexyl]aminocarbonyl}cyclobutane-2,3,4-tricarboxylic acid; 
(1a,2p,3p,4a)-4-{N-Propyl-N-[(4S*,5S*)-(5-methyl-4-naphthoyloxy)-6- 

phenylhexyl]aminocarbonyl}cyclobutane-1 ,2,3-tricarboxylic acid; 
(1a,2a,3p,4P)-4-{N-Propyl-N-[(R)-6-methyl-9-phenyl-(E)-4- 

nonenyl]aminocarbonyl}cyclobutane-1 ,2,3-tricarboxylic acid; 
(1a,2a,3p,4p)-4-{N-Benzyl-N-[(R)-6-methyl-9-phenyl-(E)-4- 

nonenyl]aminocarbonyl}cyclobutane-1 ,2,3-tricarboxylic acid; and 
(ip,2a,3a,4p)-4-[N-{2S,3R}-4-(3,4-dichlorophonyl)-3-(2-naphthoyloxy)-2- 

butyl}aminocarbony]]cyclobutane-1,2,3-tricarboxylic acid; 

or a pharmaceutical^ acceptable salt thereof. 
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More preferred compounds are selected from the group consisting of: 
(1S,2R,3R,4R)-3-Methoxycarbonyl-4-[N-{(2S,3R)-4-(3,4-dichiorophenyl)-3-(2- 
naphthoyloxy)-2-butyl}aminocarbonyl]-cyclobutane-1 ,2-dicarboxylic 
acid; 

(1 R,2S,3S,4S)-3-Methoxycarbonyl-4-[N-{(2S,3R)-4-(3,4-dichlorophenyl)-3-(2- 
naphthoyloxy)-2-butyl}aminocarbonyl]-cyclobutane-1 ,2-dicarboxylic 

acid; 

(1S,2R,3R,4R)-4-[N-{(2S,3R)-4-(3,4-Dichlorophenyl)-3-(2-naphthoyloxy)-2- 

butyl}aminocarbonyl]cyclobutane-1 ,2,3-tricarboxylic acid; 
(1R,2S.3S,4S)-4-[N-{(2S,3R)-4-(3,4-Dichlorophenyl)-3-(2-naphthoyloxy)-2- 

butyl}aminocarbonyl]cyclobutane-1 ,2,3-tricarboxylic acid; 
(1S,2S,3S,4S)-3-Methoxycarbonyl-4-[N-{(2S,3R)-4-(3,4-dichlorophenyl)-3-(2- 

naphthoyloxy)-2-butyl}aminocarbonyl]cyclobutane-1 ,2-dicarboxylic acid; 
(1a,2a,3p,4P)-4-[N-{(2S,3R)-4-(4-chlorophenyl)-3-(4-biphenylyl)-2- 

butyl}aminocarbonyl]cyclobutane-1,2,3-tricarboxylic acid; 
(1a,2p,3p,4a)-2-Carbomethoxy-4-[N-{(1S,2R)-4-(3,4-dichlorophenyl)-3-(2- 

naphthoyloxy)-2-butyl}aminocarbony]cyclobutane-1,3-dicarboxylic acid; 
(1p,2a,3a,4p)-2-Carbomethoxy-4-[N-{(1S,2R)-4-(3,4-dichlorophenyl)-3-(2- 

naphthoyloxy)-2-butyl}aminocarbony]cyclobutane-1,3-dicarboxylic acid; 
(1a,2p,3P)-3-[N-{(1S,2R)-4-(3,4-Dichlorophenyl)-3-(2-naphthoyloxy)-2- 

butyl}aminocarbony]cyclobutane-1 ,2-dicarboxylic acid; 
(1a,2p,3p)-3-[N-{1S,2R}-4-(3,4-Dichlorophenyl)-3-(2-naphthoyloxy)-2- 

butyl}aminocarbony]cyclobutane-1 ,2-dicarboxylic acid; 
(ip,2p,3a)-3-[N-{1S,2R}-4-(3,4-Dichlorophenyl)-3-(2-naphthoyloxy)-2- 

butyl}aminocarbony]cyclobutane-1 ,2-dicarboxylic acid; 
(1a,2p,3p,4a)-1-[N-Benzyl-N-{(4S*,5S*)-(4-hydroxy-5-methyl)-6- 

phenylhexyl}aminocarbonyl]cyclobutane-2,3,4-tricarboxylic acid; 
(1a,2p,3p,4a)-1-[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]-cyclobutane- 

2,3,4-tricarboxylic acid; 
(1a,2p,3p,4a)-1-[N-(Thien-2-ylmethyl)-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-2,3,4-tricarboxylic acid; 
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(1 <x,2p,3p,4a)-1 -[N-Benzyl-N-(4-phenoxybenzyI)aminocarbonyl]-3- 

(methyloxycarbonyl)cyclobutane-2,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 -[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonylH- 

(methyloxycarbonyl)cyclobutane-2 f 3-dicarboxylic acid; 
(1a,2p,3p,4a)-1-[N-Benzyl-N-(trans-3-phenyl-2-propenyl)- 

aminocarbonyljcyclobutane^^^-tricarboxylic acid; 
(-)-(1a I 2p J 3p,4a)-1-[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]- 

cyclobutane-2,3,4-tricarboxyiic acid; 
(+)-(1a T 2p,3p t 4a)-1-[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]- 

cyclobutane-2,3,4-tricarboxylic acid; 
(1p,2p,3a,4a)-4-[N-Benzyl-N-(3-chloro-4-(phenoxy)benzyl)aminocarbonyl]- 

cyclobutane-1,2,3-tricarboxylic acid; and 
(±)-(1a t 2p,4a)-2-[N-{(2S I 3R)-4-(4-Chlorophenyl)-3-(4-biphenyly!)-2- 

butyl}aminocarbonyI]-4-hydroxymethylcyclobutane-1 -carboxylic acid; 
or a pharmaceutical^ acceptable salt thereof. 

In general, the compounds of the invention can be prepared by the 
processes illustrated in Schemes l-V. According to reaction Scheme I, 1 ,2,3,4- 
cyclobutanetetracarboxylic dianhydride (where the two anhydrides are trans to 
one another) in an inert solvent such as acetonitrile is treated with benzyl 
alcohol in the presence of an aprotic base such as triethylamine to afford the 
1,2-diester (2b) and 1,3-diesters (2), respectively. (The isomeric diesters are 
separable by crystallization.) The dicarboxylic acids (2 and 2b) can be 
converted into their mono-amides 3 and 3b using HNR'R" (where R' and R" are 
Ri and R2 or R41 and R42 as defined previously herein) and typical peptide 
coupling conditions (for example, using dicyclohexylcarbodiimide and 1- 
hydroxybenzotriazole in DMF and CH2CI2). Catalytic hydrogenation of 3 (for 
example, using a palladium on carbon catalyst in methanol) affords the 
tricarboxylic acid 4. 

Alternatively Scheme II illustrates the reaction of 1,2,3,4- 
cyclobutanetetracarboxylic dianhydride (where the two anhydrides are trans to 
one another) with one equivalent of HNR'R" (where R' and R M are R1 and R2 or 
R41 and R42 as defined previously herein) in an inert solvent such as 
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aceton'rtrile in the presence of an aprotic base such as diisopropylethylamine 
to give the mono-amide tricarboxylic acid 5. (This reaction can also be run with 
an excess of amine and then chromatographed to separate out the desired 
mono-amide.) 

5 Scheme III illustrates the preparation of mono-amide, mono-ester 

compounds. The 1 ,3-mono-amide 2. whose preparation was illustrated in 
Scheme I, is esterified (for example, treatment with diazomethane in ether to 
give the methyl ester) to give compound £. Catalytic hydrogenation of £ (for 
example, using a palladium on carbon catalyst in methanol) affords the mono- 

10 amide, mono-ester, dicarboxylic acid 7. The 1 ,2-mono-amide 2b_, whose 
preparation was also illustrated in Scheme I, can also be esterified to give 
compound 8.. Catalytic hydrogenation of fi (for example, using a palladium on 
carbon catalyst in methanol) affords the isomeric mono-amide, mono-ester, 
dicarboxylic acid 2. 

15 Chiral compounds are prepared either by combining chiral intermediates 

or by induction of stereochemistry using a chiral compound such as 
norephedrine. One approach is shown in Scheme IV. The 1 ,2-dibenzyl ester 
1£, whose preparation (3_b_) was illustrated in Scheme I, is dissolved in a protic 
solvent such as ethanol and treated with 2 equivalents of (+)- or (-)- 

20 norephedrine to make the bis-ammonium carboxylate salt H. The isomeric 
compounds are separated by crystallization and then acidified to give the chiral 
dicarboxylic acid 12- Treatment of compound 12 with one equivalent of HNR'R" 
(where R' and R" are Ri and R 2 or R41 and R42 as defined previously herein) in 
an inert solvent such as DMF and CH 2 CI 2 under peptide coupling conditions 

25 (for example, EDCI hydrochloride and HOBt monohydrate) affords the chiral 
mono-amide 12- Catalytic hydrogenation of 13 affords the chiral tricarboxylic 
acid 14_- 

An alternate preparation of chiral compounds is shown in Scheme V. 
Racemic 1 ,2-dibenzyl ester 10_, whose preparation (2b) was illustrated in 
30 Scheme I, is dissolved in an inert solvent such as CH2CI2 and coupled with a 
chiral amine under standard peptide coupling conditions (for example, EDCI 
and HOBt in the presence of dimethylaminopyridine and triethylamine) to give 
chiral amide 1£ (where R12 is as previously defined herein). Compound 15 
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can be mono-esterified (for example, treatment with diazomethane give the 
methyl ester) to give compound Ifi. Compound Ifi can be subjected to catalytic 
hydrogenation to give compound 1Z- The tricarboxylic acid lfi is obtained from 
compound 15 directly by catalytic hydrogenation. 
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The foregoing may be better understood by reference to the following 
examples which are provided for illustration and not intended to limit the scope 

5 of the inventive concept. The following abbreviations are used: AIBN for 
azobisisobutyronitrile, n-BuLi for n-butyllithium, DBU for 1,8- 
diazabicyclo[5.4.0]undec-7-ene, DIBAL for diisobutylaluminun hydride, DMAP 
for dimethylaminopyridine, DMF for dimethylformamide, DMSO for 
dimethylsulfoxide, EDCI for 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 

10 hydrochloride, Et 3 N for triethylamine, EtOAc for ethyl acetate, EtOH for ethanol, 
HOAc or AcOH for acetic acid, HOBT for N-hydroxybenzotriazole hydrate, LAH 
for lithium aluminum hydride, MeOH for methanol, Pd/C for palladium on 
carbon, and THF for tetrahydrofuran. 



Example 1 

MfY.2p.3R.4aVi-rN-Benzvl-N -(/4S*.5S^-M-hvdroxv-5-methvn-6- 
phenvlhexvl)aminocarbop yl1cyclobutane-2.3.4-tricarboxvlic acid 

20 Example 1A 

( 1 S*.2S^-n-mflthyl-2-hvd roxv)-5-benzvloxvDentvlDhenvl ketone 
TiCk (a 1.0 M solution in CH 2 CI 2 , 16.8 mL) was added dropwise to a -78 
°C solution of propiophenone (2.05 g, 15.2 mmol) in 77 mL of CH 2 CI 2 . After 5 
minutes at -78 °C, NEt 3 (2.3 mL, 16.8 mmol) was added, and the reaction 

25 mixture was stirred at -78 °C for 0.5 hour. 4-Benzyloxybutyraldehyde (3.0 g, 
16.8 mmol), prepared by the procedure described in Heterocycles 28(2): 663, 
(1989), was added dropwise. The reaction mixture was stirred for 0.5 hours at 
-78 °C and then was quenched by the addition of 50% saturated NH4CI 
solution. The solution was warmed to room temperature and extracted with 

30 CH 2 CI 2 . The combined organic extracts were washed with saturated NaCI 

solution, dried over MgSC>4, filtered, and concentrated in vacuo. Purification by 
flash chromatography on silica gel eluting with 15:85 ethyl acetate in hexane 
afforded the title compound (3.67 g) as a clear oil. 1 HNMR (300 MHz, CDCI3) 6 
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1 .28 (d, 3H), 1 .60 <t,3H), 1 .67-1 .88 (m, 2H), 3.52 (m, 3H), 4.03 (m, 1 H), 4.51 (s, 
2H), 7.32 (s, 5H), 7.48 (t, 2H), 7.59 (t, 2H), 7.95 (d, 2H). MS (DCI/NH3) m/e 313 
(M+H)+ 

5 Example 1B 

M S».2S*)-f 1-methyl-2-aceto xy)-5-benzvloxvDentvlDhenvl ketone 
Acetic anhydride (1.1 mL, 1 1 .7 mmol) was added dropwise to a 0 °C 
solution of the compound resulting from Example 1 A and a catalytic amount of 
DMAP in 100 mL CH2CI2. The reaction mixture was stirred for 24 hours at 

10 room temperature, then 0.1 N HCI Was added. The mixture was extracted with 
CH2CI2 (3x). The combined organic layers were washed with saturated NaCI 
solution, dried (MgSO^, filtered, and concentrated to afford the title compound 
(2.9 g) as a colorless oil. 1 H NMR (300 MHz, CDCI3) 6 1 .21 (d, 3H), 1 .58-1 .75 
(m, 4H), 2.00 (s, 3H), 3.42 (t, 2H), 3.65 (m, 1H), 4.46 (s, 2H), 5.30 (m, 1H), 7.30 

15 (t, 5H), 7.47 (t, 2H), 7.58 (t, 1 H), 7.90 (m, 2H). MS (DCI/NH3) m/e 386 
(M+NH 4 )+ 

Example 1C 

Benzvl-fr4S'.5S> (4-acetoxv-5-methvn-6-hvdroxv-6-phenvl1hexvl ether 
20 A solution of the compound resulting from Example 1 B (0.5 g, 1 .4 mmol), 

CeCb • 7H 2 0, and 5 mL of MeOH was stirred at 0 °C as NaBhU (0.16 g, 4.2 
mmol) was added portionwise. The reaction mixture was stirred at 0 °C for 0.25 
hours, then 25 mL of 3 N HCI was added (cautiously), followed by the addition 
of saturated NaCI solution. The solution was extracted with ether (3x). The 
25 combined organic layers were washed with saturated NaCI solution, dried 
(MgS04), filtered, and concentrated in vacuo to afford the title compound (0.5 
g) as a colorless oil (as a mixture of diastereomeres). 1 H NMR (300 MHz, 
CDCI3) 6 0.60 (d, 1.5H), 0.97 (d, 1.5 H), 1.57-1.74 (m, 4H), 1.85-1.98 (m, 1H), 
2.02 (s, 1.5H), 2.15 ( s, 1.5H), 3.45 (t, 1H), 3.51 (m, 1H), 4.12 (dd, 0.5H), 4.50 (d, 
30 2H), 4.75 (m, 0.5H), 4.90 (m, 0.5H), 5.43 (m, 0.5H), 7.32 (m, 10H). MS 
(DCI/NH3) m/e 374 (M+NH 4 )+. 
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RanTvl [f4S*.5S*Vf4-acatoxv-5-met hvn-6-trifluoroacetoxv-6-Dhenvnhexvl ether 

Trifluoroacetic anhydride (0.2 ml_, 1.4 mmol) was added dropwise to a 
0 °C solution of the compound resulting from Example 1C (0.5 g, 1.4 mmol), 

5 pyridine (0.1 1 ml_), and 7 ml_ CH2CI2. The reaction mixture was stirred at 0 °C 
for 4.5 hours then quenched with 0.1 M HCI and extracted with CH2CI2 (3x). 
The combined organic layers were washed with 0.1 M HCI, dried (MgSCU), 
filtered, and concentrated in vacuo to afford the title compound (0.59 g) as a 
colorless oil (as a mixture of diastereomeres). 1 H NMR (300 MHz, CDCI3) 8 

10 0.78 (d, 1.5H), 1.10 (d, 1.5H), 1.50 (m, 1H), 1.64 (m, 2H), 1.78 (m, 1H), 2.02 (d, 
3H), 2.32 (m, 1H), 3.39 (t, 1 H), 3.50 (m, 2H), 4.98 (d, 2H), 4.67 (m, 0.5H), 5.29 
(m, 0.5H), 5.52 (d, 0.5H), 5.78 (d, 0.5H), 7.30 (m, 10H). MS (DCI/NH3) m/e 470 
(M+NH 4 )+. 

15 Example 1E 

f4SV5S«W4-A cetoxv-5-methvn-6-phenvl-1-hexanol 
A mixture of the compound resulting from Example 1D (0.59 g, 1.3 
mmol), Pd/C (0.16 g, 10%, dry), and 50 ml. of EtOAc was hydrogenated in a 
Parr shaker at room temperature for 39 hours. The mixture was filtered and 

20 concentrated in vacuo , and the residue was flash chromatographed on silica 
gel eluting with 8:2 hexane-EtOAc to afford the title compound (0.18 g) as a 
colorless oil. 1 H NMR (300 MHz, CDCI3) 50.89 (d, 3H), 1.45-1.60 (m, 3H), 1.69 
(m, 2H), 2.00 (br s, 1H), 2.09 (s, 3H), 2.33 (dd, 1H), 2.77 (dd,1H), 3.64 (t, 2H), 
4.92 (m, 1 H), 7.08-7.22 (m, 2H), 7.28 (m, 3H). MS (DCI/NH3) m/e 268 

25 (M+NH 4 )+. 

Example 1F 

i-inrin-Ufi*.5SM-(4-acetoxv-5-methvn-6-phenvlhexane 
A solution of the compound resulting from Example 1E (0.33 g, 1.39 
30 mmol) and 9.2 mL anhydrous CH3CN was stirred at room temperature as the 
following were added sequentially: imidazole (0.24 g, 3.5 mmol), 
triphenylphosphine (0.40 g, 1.5 mmol), and iodine (0.39 g, 1.5 mmol). The 
reaction mixture was stirred at room temperature for 1 .25 hours, then H2O was 
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added, and the mixture was extracted with CH2CI2. The combined organic 
layers were washed with saturated sodium thiosulfate solution and saturated 
NaCI, dried (MgS04), filtered, and concentrated in vacuo to afford a white 
solid. The solid was triturated with hexane (3x), decanting after each. The 

5 hexane layers were combined, concentrated in vacuo , and the residue 

obtained flash chromatographed on silica gel eluting with 95:5 hexane-EtOAc 
to afford the title compound (0.38 g) as a colorless oil. 1 H NMR (300 MHz, 
CDCI3) 6 1.55 (s, 3H), 1.70 (t, 2H), 1.75-1.86 (m, 2H), 1.99 (m, 1H), 2.09 (s, 3H), 
2.34 (dd, 1H), 2.77 (dd, 1H), 3.20 (t, 2H), 4.90 (m, 1H), 7.10-7.22 (m, 3H), 7.28 

10 (m, 2H). MS (DCI/NH3) m/e 378 (M+NH 4 )+ 

Example 1G 

N-(Benzyn-N-rt-butyloxycarbonyn -N-r^4S*.5S*M-acetoxv-5-methvh-6- 

phenylhaxvllamine 

15 A solution of N-benzyl-N-t-butyloxycarbonylamine (0.22 g, 1.05 mmol), 

prepared by the method described in J. Heterocyclic Chem. 22(5): 1173, 
(1985), and 0.45 mL of anhydrous DMF was added dropwise to a 0 °C 
suspension of NaH (0.043 g 1 .05 mmol, 60% dispersion, hexane washed) in 
1 .7 mL of anhyrous DMF. The sodium salt was formed for 0.5 hours at room 

20 temperature, then a solution of the compound resulting from Example 1 F (0.38 
g, 1 .05 mmol) in 0.5 mL of anhydrous DMF was added dropwise. The reaction 
mixture was stirred for 2 days at room temperature. Ice water was added and 
the solution was extracted (3x) with ethyl acetate. The combined organic layers 
were washed with H20, cold 0.1 M HCI and saturated NaCI solution, dried 

25 (MgS04), filtered, and concentrated in vacuo to afford the title compound (0.46 
g) as a colorless oil. 1 H NMR (300 MHz, CDCI3) 5 0.82 (d, 3H), 1.39-1.57 (m, 
13H), 1.92 (br s, 1H), 2.06 (s, 3H), 2.30 (dd, 1H), 2.72 (dd, 1H), 3.18 (br d, 2H), 
4.29-4.49 (m, 2H), 4.85 (s, 1H), 7.10 (d, 2H), 7.19-7.38 (m, 8H). MS (DCI/NH3) 
m/e 440 (M+H)+, 457 (M+NH 4 )+ 



30 
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Example 1H 

N-Ben2vt-N-f^4S VSS*W4.acetoxv-5-methvl>-6-Phenvlhexvnamine 
Trifluoroacetic acid (7.7 mL) was added to a 0 °C solution of the 
compound resulting from Example 1G (0.46 g, 1.07 mmol) and 7.7 mL CH2CI2. 
5 The reaction was stirred for 0.5 hours at 0 °C and for 1 .5 hours at room 

temperature. The solvent was evaporated in vacuo . Toluene was added and 
evaporated in vacuo (2x). Amberlite resin (IRA-400-OH, 0.5 g, washed 
successively with H2O, EtOH, ether, and dried) and 15 mL of CH2CI2 was 
added and the suspension was stirred for 18 hours at room temperature. The 
10 suspension was filtered and concentrated in vacuo to afford the title compound 
(0.33 g) as a colorless oil. 1 H NMR (300 MHz, CDCI3) 6 0.85 (d, 3H), 1.58 (m, 
4H), 1.95 (s, 1H), 2.07 (s, 3H), 2.31 (m. 2H), 2.68 (s, 1H), 2.74 (dd, 2H), 3.82 (s, 
2H), 4.85 (m, 1H), 7.08-7.22 (m, 3H), 7.28 (m, 3H), 7.37 (m, 4H). MS (DCI/NH3) 
m/e 340 (M+H)+. 

15 

Example 11 

n«.2p.3p.4aV1-fN-Benzvl-N-((4S*.5Sn-f4-acetoxv5-methvn-6- 
Dhenvlhexvl)aminocarbonvncvclobutane-2.3 .4-tricarboxvlic acid tribenzvl ester 
A solution of dicyclohexylcarbodiimide (0.19 g, 0.94 mmol) and 1.0 mL of 

20 DMF was added to a solution of (1 a,2p,3p,4a)-cyc!obutane tetracarboxylic 
acid-1 ,3-dibenzyl ester (0.39 g, 0.94 mmol), prepared from 1,2,3,4- 
cyclobutanetetracarboxylic dianhydride and benzyl alcohol following the 
procedures described in Angew. Chem. International Ed. 8_: 208 (1969), the 
compound resulting from Example 1H (0.32 g, 0.94 mmol), 1- 

25 hydroxybenztriazole hydrate (0.13 g, 0.94 mmol), and 4.0 mL of DMF. The 
reaction mixture was stirred for 1 8 hours at room temperature and then diluted 
with EtOAc and filtered. The filtrate was washed with 

1 M HCI, H 2 0 and saturated aqueous NaCI solution, dried over MgS0 4 , filtered 
and evaporated in vacuo to afford a yellow oil. Purification by flash 
30 chromatography on silica gel eluting with 97:2.5:0.5 CHCb-MeOH-HOAc to 
afford the title compound (0.19 g) as a colorless oil. 1 H NMR (300 MHz, CDCI3) 
8 1.32-1.58 (m, 4H), 1.92 (m, 1H), 2.05 (d, 3H), 2.30 (m, 1H), 2.39 (s, 3H), 2.70 
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(m, 1H), 3.20 (m, 1H), 3.61-3.90 (m, 4H), 4.10 ( m, 2H), 5.15 (m, 4H), 7.10 (m, 
3H), 7.1 9 (t, 6H), 7.30 (m, 1 1 H). MS (FAB) m/e 734 (M+H)+. 

Example 1J 

5 na.2p.3p.4a^-1 -fN-Benzv>-N-f(4S*.5S*)-f4-hvdroxv-5-methvh-6- 
phenylhQxyl)aminocarbonvncvclobutana-2.3.4-tricarboxvlic acid 
A solution of the compound resulting from Example 11 (0.13 g, 0.18 
mmol), 1 .0 M LiOH in H2O (0.63 mL), and 2.0 mL THF was stirred at room 
temperature for 18 hours. 0.1 N HCI was added and the solution was extracted 
10 (4x) with methylene chloride. The combined organic extracts were washed with 
saturated aqueous NaCI solution, dried over MgS04, filtered, and evaportated 
in vacuo to afford a white foam. The crude product was flash chromatographed 
on silica gel eluting with 94:5:1 CHCl3-MeOH-acetic acid to afford the title 
compound (20 mg) as a white powder after lyophillization. 1 H NMR (300 MHz, 
15 CD3OD) 60.90 (d, 3H), 1.20 (m, 2H), 1.25 (m, 1H), 1.87 (m, 1H), 2.19 (m, 1H), 
2.88 (m, 1H), 2.96-3.12 (m, 2H), 3.20 (m, 2H), 3.80-3.92 (m, 3H), 3.98-4.09 (m, 
1H), 4.21 (m, 1H). 4.86-4.95 (m, 2H), 7.08 (d, 3H), 7.10-7.20 (m, 7H). MS (FAB) 
m/e 512 (M+H)+. 

20 Example 2 

(ig,2B.3B.4«)-i-rN-Benzyi-N-{(4S'.5S , )-(4-acetoxv-5-methyi)-6- 
phenylhexviyaminocarbony ncyclobutane-2.3.4-tricarboxvlic acid 
A methanol solution of the compound resulting from Example 1 1 (60 mg, 
0.08 mmol) was hydrogenated at atmospheric pressure at room temperature for 
25 8 hours over palladium on carbon catalyst. The catalyst was removed by 
filtration and the solvent evaporated in vacuo . The crude product was flash 
chromatagraphed on silica gel eluting with 95:4:1 CHCb-MeOH-AcOH to afford 
3.7 mg of the title compound as a white powder after lyophillization. 1 HNMR 
(300 MHz, CD3OD) 6 0.85 (d, 3H), 1.30 (m, 2H), 1.52 (m, 2H), 2.00 (m, 3H), 2.32 
30 (m, 1 H), 2.65 (m, 1 H), 3.08 (m, 2H), 3.22 (m, 2H), 3.50-3.75 (m, 3H), 4.40 (m, 
1H), 4.72 (s, 2H), 7.06-7.38 (m, 10H). MS (FAB+) m/e 554 (M+H)+. 
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Example 3 

(1rt.2p.3B.4aV1-fN-BBnzvl-N-f4-phenoxv benzvnaminocarbonvn-2.4- 
di(benzvloxvcarbonvltavclo butane-3-carboxvlic acid 

5 Example 3A 

N-Benzvl-N-M -phenoxvbenzvhamine 
4-Phenoxybenzaldehyde (10.0 g, 0.05 mol), excess benzyl amine and 
1 .0 g of 10% Pd/C in 200 mL of ethanol were stirred under an inert atmosphere 
for 16 hours followed by an atmosphere of hydrogen for 16 hours. After 

10 removal of the catalyst by filtration through Celite®, the filtrate was concentrated 
under reduced pressure to give the crude product as an oil. The oil was 
dissolved in ether and precipitated by treatment with anhydrous HCI. The solid 
was filtered, washed with ether, and partitioned between ethyl acetate and 1 M 
NaOH. The ethyl acetate solution was washed with brine, dried over NaaSO*, 

15 and evaporated to give the title compound. 

Example 3B 

(J rc.2p.3ft.4ttV1 .3-Di(benzvloxv narbonvhcvclobutane-2.4-dicarboxvlic acid 
To a solution of 1,2,3,4-cyclobutanetetracarboxylic anhydride (21 g, 

20 1 07.1 mmol) in acetonitrile (530 mL) at -7.5 °C was added benzyl alcohol (70 
mL, 680 mmol) all at once. Triethylamine (30 mL, 210 mmol) was added 
dropwise over 3-5 minutes and the temperature rose to 2.8 °C. 
Dimethylaminopyridine (1.3 g, 10.6 mmol) was added and the temperature 
returned to -5 °C. The reaction mixture was stirred for 18 hours at which time 

25 the internal temperature was 9.2 °C and then concentrated in vacuo. The 
residue was dissolved in ethyl acetate (1 L) and washed with 2 M HCI (2 x 375 
mL). The product was then extracted into saturated NaHCC-3 solution (2 x 375 
mL). The aqueous solution was allowed to stand at ambient temperature and 
then was cooled in a refrigerator overnight. The solid was collected and 

30 washed with cold saturated NaHCC-3 solution (200 mL). The combined 

NaHC03 filtrate and wash were acidified to pH 2 with concentrated HCI. The 
resulting white slurry was extracted with ethyl acetate (2 x 500 mL). The 
combined organic extracts were washed with 2 x 100 mL with 10% NaCI 
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solution and dried over anhydrous sodium sulfate, filtered and concentrated in 
vacuo to afford a white solid. The solid was recrystallized from hot isopropanol 
to yield the title compound as a white solid, m.p. 179-1 81 °C. 

.5 Example 3C 

(J tt.2p.3ft.4otM -fN-Benzvl-N -U-phenoxvbenzvhaminocarbonyn-2.4- 
di(benzvloxycarbonyncyclobutane-3-carboxvlic acid 
The compound resulting from Example 3B (1.0 g, 2.42 mmol), 
dicyclohexylcarbodiimide (0.50 g, 2.42 mmol), and HOBt (0,37 g, 2.42 mmol) 

10 were dissolved in dimethylformamide (2 mL) and diluted with methylene 
chloride (50 mL). The compound resulting from Example 3A (0.70 g, 2.42 
mmol) was added, and the mixture was stirred 18 hours at room temperature. 
The solution was concentrated in vacuo and partitioned between 1 M HCI and 
ethyl acetate. The organic layer was washed with 1 M HCI and brine, dried 

15 over Na2S04, and concentrated under reduced pressure. The residue 

obtained was chromatographed on silica gel eluting with 50% ethyl acetate in 
hexane to give the title compound in 52% yield. 1 H NMR (CDCI3, 500 MHz) 6 
3.75 (m, 1H), 3.84 (m, 1H), 4.13 (m, 1H), 4.35 (m, 2H), 4.66 (m, 2H), 4.93 (m, 
1H), 5.14 (m, 3H), 5.68 (m, 1H), 6.90-7.54 (m, 24H). MS m/e 684 (M+H) + . 

20 

Example 4 

( 1 a.2p.3p.4ocl-1 -fN- Benzvl-N-f4-ph6noxvbenzvnaminocarbonvl1cvclobutane- 

2.3.4-tricarboxvlic acid 
(1a,2p,3p,4a)-1-[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]-2,4- 

25 di(benzyloxycarbonyl)cyclobutane-3-carboxylic acid (0.20 g, 0.29 mmol) was 
dissolved in methanol and treated with 10% Pd/C (5 mg) under an atmosphere 
of hydrogen for 18 hours. Filtration through Celite® provided 80 mg (53%) of 
thetriacid. 1H NMR (CDCI3, 500 MHz) 5 3.48 (m, 4H), 3.92-5.04 (m, 4H), 6.9- 

7.38 (m, 14H). MS m/e 504 (M+H)+. 
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Example 5 

Mfi.2p.3p.4^-1-fN-rrhie n-2-ylmethvh-N-M-Dhenoxvben2vnaminocarbonvn- 
2.4-difbenzvlo xvcarbonvhcyclobutane-3-carboxylic acid 

Example 5A 

N-fThien-2 -yl^methvl-N-f4-Dh6noxv^benzylamlne 
A mixture of 4-phenoxybenzaldehyde (1.98 g, 10 mmol) and 2- 
thienylmethylamine (1.13 g, 10 mmol) in ethanol (10 mL) was stirred for 1 hour. 
Acetic acid (1 mL) and sodium cyanoborohydride (1.M in THF, 10 mL) were 
added, and the reaction was stirred for 14 hours. The reaction was then 
partitioned between ether and 10% aqueous sodium hydroxide solution. The 
organic layer was further washed with water and brine, dried over anhydrous 
potassium carbonate, filtered and concentrated to give the title compound (2.87 
g, 97%). 1H NMR (300 MHz, CDCI 3 ) 5 7.35-6.92 (m, 12 H), 4.01 (s, 2 H), 3.81 
(s,2H). 

Example 5B 

Ma.2p.3p.4fiV1-fN-fThien-2-vlmeth vn-N-f4-Dhenoxybenzyhaminocarbonvll- 
2.4-dirbenzylQxvcarbonvn cvclobutane-3-carboxvlic acid 
The title compound was prepared in 33% yield by the procedures 
described in Example 3 using the compound resulting from Example 5A. 1 H 
NMR (CDCI3, 500 MHz) 8 3.5-5.2 (m, 12H), 6.6-7.4 (m, 22H). MS m/e 690 
(M+H)+. 

Example 6 

n rt .2p.3B.4 «^1-rN-rrhien-2-vlmethvn-N-(4- 
phenoxybenzynaminocarbonvn cvclobutane-2.3.4-tricarboxvlic acid 
The title compound (1 17.5 mg, 80%) was prepared by the method 

described in Example 4 starting with the compound resulting from Example 5. 

1H NMR (DMSO-de, 500 MHz) 6 3.5-3.65 (m, 1H), 3.85 (m, 1H), 4.02 (m, 1H), 

4.10 (m, 1H), 4.33-4.90 (m, 4H), 6.90-7.48 (m, 12H), 12.5 (bs, 3H). MS m/e 510 

(M+H)+. 
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Example 7 

( 1 a.2B.3B.4cri-1 -fN.Ben2vl-N-r4-Dhenoxvben2vnaminocarbonvn-2.4- 

dirben2yloxycarbonvn-3-rmethvloxvcarbonvl^cvclobutane 
The compound resulting from Example 3 (50.4 mg, 73.7 uxnol) was 
5 dissolved in methanol and treated with an excess of ethereal dia2omethane, 
prepared by adding 1-methyl-3-nitro-1-nitrosoguanidine to a mixture of 40% 
potassium hydroxide and ether and decanting the ether solution of 
diazomethane. The solution was evaporated to dryness to give the title 
compound in quantitative yield. 1 H NMR (CDCI3, 500 MHz) 6 3.53 (d, 3H, J = 5 
10 Hz), 3.72 (m, 1 H), 3.91 (m, 1 H), 4.04 (m, 2H), 4.37 (m, 3H), 4.58 (m, 1 H), 4.92 
(m, 1H), 5.11 (m, 3H), 6.83-7.39 (m, 24H). MS m/e 698 (M+H)+. 

Example 8 

( 1 nt.2ft.3ft.4ttM -fN-Benzyl-N-(4-phe noxyben2ynaminocarbonvn-3- 
15 (methyloxycarbonyl)cyclobutane-2.4-dicarboxylic acid 

The compound resulting from Example 7 (50 mg, 0.07 mmol) was 
converted to the title compound (29 mg, 78%) by the method described in 
Example 4. iH NMR (CDCI 3l 500 MHz) 6 3.42 (m, 1H), 3.73 (d, 3H, J=4 Hz), 
3.92 (m, 1H), 3.99 (m, 1H), 4.13 (m, 1H), 4.3 (m, 2H), 4.52 (m, 1H), 4.90 (d, 1H, 
20 J=9 Hz), 6.92-7.38 (m, 14H). MS m/e 51 8 (M+H)+. 

Example 9 

( 1 a.2ft.3ft.4ttV1 -[N-Benzyl-N-(4-phenoxvbenzvnaminocarbonvn-3.4- 
di(benzylQxycarbvnyl)Qypiobutapg-2-carl?gxyl'c acid 

25 

Example 9A 

M tt.2B.3ft.4rel-1 .2-Dirben2vloxvcarbonyncyclobutane-3.4-dicarboxvlic acid 
To a solution of 1 ,2,3,4-cyclobutanetetracarboxylic anhydride (21 g, 
107.1 mmol) in acetonitrile (530 mL) at -7.5 °C was added benzyl alcohol (70 
30 mL, 680 mmol) all at once. Triethylamine (30 mL, 210 mmol) was added 
dropwise over 3-5 minutes and the temperature rose to 2.8 °C. 
Dimethylaminopyridine (1.3 g, 10.6 mmol) was added and the temperature 
returned to -5 °C. The reaction mixture was stirred for 18 hours at which time 
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the internal temperature was 9.2 °C and then concentrated in vacuo. The 
residue was dissolved in ethyl acetate (1 L) and washed with 2 M HCI (2 x 375 
mL). The product was then extracted into saturated NaHC03 solution (2 x 375 
mL). The aqueous solution was allowed to stand at ambient temperature and 

5 then was cooled in a refrigerator overnight. The solid was collected and 

washed with cold saturated NaHCQ3 solution (200 mL) and then was dissolved 
in water (500 mL), acidified with 2 M HCI (375 mL) and extracted into ethyl 
acetate (2 x 375 mL). The combined organic extracts were washed with brine, 
dried over sodium sulfate and concentrated in vacuo to afford the title 

10 compound (25.65 g, 58%) as a white solid, m.p. 164.5-165.5 °C. 

Example 9B 

Mft.2p.3p.4«V1-rN-Benzvl-N-M -phenQxvbenzvhaminocarbonvl1-3.4- 
rii/hen7yloxvcarbo nvhcvclobutane-2-carboxvlic acid 
15 The title compound was prepared in 44% yield by the method described 

in Example 3 using the compound resulting from Example 9A. 1 H NMR 
(CD3OD, 500 MHz) 8 3.45 (m, 1H), 3.59 (m, 1H), 3.76 (m, 1H), 3.93 (m, 1H), 
4.42 (m, 4H), 5.05 (m, 4H), 6.92-7.38 (m, 24H). MS m/e 684 (M+H)+. 

20 Example 1Q 

nrt.2p.3p.4aV1-fN-Benzvl-N-f4-phenoxv henzvhaminocarbonvn-4- 

fm ? thylnxycarbonvn fiyclQbutane-2.3-dicarboxvlic acid 
The compound resulting from Example 4 (100 mg, 0.2 mmol) was 
dissolved in methylene chloride (10 mL) with enough DMF to bring the 
25 suspension into solution. A solution of dicyclohexylcarbodiimide (41 mg, 0.2 
mmol) in methylene chloride (5 mL) was added. After stirring at room 
temperature for 1 hour, diazomethane in ether was added dropwise until the 
yellow color persisted. The reaction mixture was stripped to dryness and 
dissolved in ethyl acetate. The solution was stirred with water 18 hours before 
30 washing the organic layer with water and brine, drying over Na2SC-4, and 

concentrating in vacuo. The residue obtained was chromatographed on silica 
gel eluting with 98:1:1 ethyl acetate-formic acid-water to give 20 mg (20%) of 
pure title compound. 1H NMR (DMSO-d 6 , 500 MHz) 6 3.44 (d, 3H, J=4 Hz), 
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3.69 (m, 2H), 3.92 (m, 2H), 4.70 (m, 3H), 5.54 (d, 1 H, J=5 Hz), 6.92-7.40 (m, 
14H), 12.53 (bs, 2H). MS m/e 518 (M+H)+ 

Example 11 

5 Ma.2B,3B.4a)-14N-Benzvl-N-(4-phenoxvbenzvnaminocarbonyl>2.3> 
difmethoxvcarbonvlM-fdiphenvlmethyto^ 
The compound resulting from Example 4 (0.5 g, 0.99 mmol) was 
dissolved in methylene chloride (250 mL) with enough dimethylformamide to 
bring the suspension into solution. A solution of dicyclohexylcarbodiimide (0.2 

10 g, 0.99 mmol) in methylene chloride (10 mL) was added. After stirring at room 
temperature for 1 hour, diphenyldiazomethane (0.19 g, 0.99 mmol, prepared by 
stirring benzophenone hydrazone and mercury (II) oxide in hexane for 18 
hours, filtering, and evaporating to dryness, was added. After 2 hours at room 
temperature, water was added, and the mixture was stirred for 18 hours. The 

15 layers were separated, and the aqueous phase was extracted with methylene 
chloride. The combined organic extracts were treated with excess ethereal 
diazomethane. After 30 minutes, the solution was evaporated to dryness and 
the product purified by chromatography on silica gel eluting with 20 to 50% 
ethyl acetate in hexane to give 153 mg (22%) of the pure title compound. 1 H 

20 NMR (DMSO-d 6 , 500 MHz) 8 3.68 (m, 6H), 3.82 (m, 2H), 3.95-4.50 (m, 7H) 
6.83-7.38 (m, 24H). MS m/e 698 (M+H)+. 

Example 12 

( 1 tt.2p,3P,4gH '[N-BQngyi-N-(4^phen9)^b9nzYl)aminQgarbQnyi]-2,3- 

25 difmethoxyca rbonvncvclobutane-4-carboxvlic acid 

The compound resulting from Example 11 (130 mg, 0.19 mmol) was 
hydrogenated using the procedures described in Example 4 to give the title 
compound (65 mg, 66%). 1 H NMR (DMSO-d 6 , 500 MHz) 3.54 (m, 3H), 3.59 (m, 
3H), 3.71 (m, 2H), 3.90-4.38 (m, 4H), 4.8 (M, 2H), 6.89-7.41 (m, 14H). MS m/e 

30 532 (M+H) + . 
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Example 13 

(1(x.2p.3p.4a>-1-fN-Benzvl-N-f4-pheno xybenzynaminocarbonvn-2- 
fmethylQxvcarbonvhcvclobutane-3.4-dicarboxvlic acid 

5 Example 13A 

f1«.2p.3p.4a>-1-rN-Benzvl-N-f4-Dhenoxvb enzvnaminocarbonvn-2- 

rm6thvloxvcarbQnvh-3.4 -difbenzvloxvcarbonvncvclobutane 
The title compound was prepared in 75% yield by the procedure 
described in Example 7 using the compound resulting from Example 9. 

10 

Example 13B 

Ma.2p.3p.4a>-1-fN-Benzvl-N-M-Dhenoxv benzvnaminocarbonvn-2- 

rmethyloxycarbonvh cvclobutane-3.4-dicarboxvlic acid 
The compound resulting from Example 13A (75 mg, 0.11 mmol) was 
15 converted to the title compound in 71 % yield using the method described in 

Example 4. 1H NMR (DMSO-d 6 , 500 MHz) 5 3.48 (m, 3H), 3.71 (m, 2H), 3.9-4.9 
(m, 5H), 5.57 (d, 1H, J=5 Hz), 6.86-7.41 (m, 14H). MS m/e 518 <M+H)+ 

Example 14 

20 Alternate Pre paration of 

nfi.2p.3p.4rtV1-fN-BQnzvl-N-r4 -phenoxvbenzynaminocarbonvncvclobutane- 

2 3 4-tricarooxvlic acid 
A solution of 1,2,3,4-cyclobutanetetracarboxylic dianhydride (0.86 g, 4.4 
mmol) in 40 mL of acetone and 10 mL of acetonitrile was cooled in a salt-ice 

25 bath. This solution was then treated with a solution of the compound resulting 
from Example 3A (1.3 g, 4.4 mmol) and diisopropylethyl amine (0.57 g , 4.4 
mmol) dissolved in 10 mL of acetone dropwise over 5 hrs. via syringe pump. 
After stirring an additional hour in the cooling bath, the reaction mixture was 
warmed to ambient temperature and evaporated under reduced pressure. To 

30 the residue was added 6 N HCI (90 mL) and methylene chloride (1 0 mL), and 
the mixture was stirred at room temperature for 1 hour. The solid which formed 
was then filtered off. Flash silica gel chromatography eluting with with 95:4:1 
CHCl3-MeOH-HOAc yielded 1.9 g (85.8%) of the title compound. 1 H NMR 
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(DMSO-d 6 . 500 MHz) 6 3.50 (m, 4H), 4.00-4.90 (m, 4H), 6.85-7.45 (m, 14H). 
MS (FAB)+ m/e 504 (M+H)+ and (FAB)' m/e 502 (M-H)-. 

Example 15 

5 (1a.2p.3p.4a^-1-fN-Benzvl- N-rtrans-3-Dhenvi-2-DroDenvhaminocarbonvn 

cyclnbutane-2.3.4-tricarboxvlic acid 

Example 15A 
N-Benzyl-N-ft rans-3-phenvl-2-propenvnamine 
10 Cinnamaldehyde and benzylamine were dissolved in 1% acetic acid in 

methanol under an atmosphere of dry nitrogen. Sodium cyanoborohydride (-1 
equivalent) was added, and stirring was continued for 18 hours at which time 
the solvent was removed under reduced pressure. The residue was 
suspended in ether, washed with 5% NaHC03 and brine, dried over Na2S04 
15 and concentrated in vacuo to afford the title compound. 

Example 15B 

ntx.2B.3B.4a^-1-fN-Benzvl-N- itrans-3-phenvl-2-propenvnaminocarbonvl1 
cyclobutane- 2.3.4-tricarboxvlic acid 

20 To a slurry of 1 ,2,3,4- cyclobutanetetracarboxylic dianhydride (0.5 g, 2.5 

mmol) in CH 3 CN (10 mL) was added the compound resulting from Example 
15A (2.23 g, 10 mmol) in CH 3 CN (10 mL). The slurry was stirred for 5 minutes 
at 20 °C resulting in a homogenous solution. The solution was stirred 20 
hours at 20 °C, then concentrated in vacuo to a white foam. The foam was 

25 dissolved in 100 mL ethyl acetate and washed successively with 50 mL of 1 N 
H3PO4 and 10% NaCI, dried over anhydrous sodium sulfate, filtered and 
concentrated in vacuo to afford 3.2 g of a white foamy solid. The crude product 
was purified by silica gel chromatography eluting with 94:5:1 CHCl3-MeOH- 
HOAc. The slowest moving product was isolated using a methanol wash and 

30 repurified on silica gel eluting with 38:1 :1 Et0Ac-HCO2H-H20 to give the title 
compound in 12% yield. 1 H NMR (CDCI3, 300 MHz) 8 7.4-7.15 (m, 10H), 6.52- 
6.45 (m, 2H), 4.49-4.12 (m, 6H), 3.94-3.77 (m, 2H). 
MS (FAB +) m/e 438, (FAB ") 436. 
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Example 16 

(1^ pp 3 ft AM-1-rN-Be n7vl-N-ttrans.trans-5-phenvl-2.4- 
pftntadienvhaminnp.arbonv l 1 RYdobutane-2.3.4-tricarP0XVliC acid 

5 

Example 16A 

N- R ftn z yl- N - ftrans - tran s-s-phenvl-2. 4-pentadienvl)amine 
Benzylamine (1 g, 9.3 mmole) and vinyl triphenylphosphonium bromide 
(3.45 g, 9.3 mmole) are treated with 20 mL CH 3 CN and the resulting slurry is 

10 heated for 36 hours at 40 °C and refluxed 5 hours. The reaction mixture is 
cooled to room temperature and the solvent removed in vacuo. The solid is 
treated with 20 mL THF, and the resulting slurry is treated with 17 mL 2.0 M 
BuLi in cyclohexane. The red anion solution is stined 30 minutes at room 
temperature then cinnamaldehyde (10 mmol) is added, and the resulting 

15 suspension is stirred 18 hours at room temperature. The reaction mixture is 
quenched with 20 mL 5% HCI followed by extraction with ethyl ether (2 x 50 
mL). The aqueous layer is adjusted to pH 10 with 1 M NaOH and extracted with 
CH2CI2 (2 x 50 mL). The combined organic extracts are washed with 10% 
NaCI, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo 

20 to afford the title compound. 

Example 16B 

(1ffl ,? P,ap-^-1-rN-B»nzyl-N-ftran ff r trans-5-phanvl-2.4- 
pentadienvnaminocarbon yll cyclobutane-2.3.4-tricarb0XVliC acid 
25 The title compound is prepared using the compound resulting from 

Example 16A and the procedures described in Example 15B. 
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Example 17 

na.2B.3B.4aV1-fN-Benzvl-N-rcis-4-benzvloxv-2-butenvhaminocarbonvn 
cvclobutane-2.3.4-tricarboxvlic acid 

5 Example 17A 

1 -Benzvloxv-cis^-butene-l .4-diol 
Cis-2-Butene-1,4 diol (10 g, 0.113 mol) was dissolved in THF (50 mL) 
and added to a slurry containing THF (100 mL) and NaH (5.9 g, 0.246 mol, 60% 
dispersion). The mixture was stirred 15 minutes then benzyl bromide (14.8 mL, 

10 0.124 mole) was added and the mixture was stirred 1 .5 hours at room 

temperature then refluxed 3 hours and finally cooled to room temperature. The 
reaction mixture was quenched with 20 mL water and concentrated in vacuo to 
an orange oil. The oil was dissolved in ethyl acetate (100 mL), washed with 
1 0% NaCI (50 mL), dried over anhydrous sodium sulfate, filtered and 

15 concentrated in vacuo to afford 15 g of the title compound as a yellow oil. 

Example 17B 
4-Benzyloxy-cis -2-butene-1-carboxaldehvde 
The compound resulting from Example 17A in THF is added dropwise to 
20 a -70 °C solution containing oxalyl chloride, DMSO and methylene chloride. 
After addition, the mixture is stirred 45 minutes at -70 °C, then added dropwise, 
maintaining the internal temperature below -50 °C, triethylamine in methylene 
chloride. The mixture is then warmed to 0 °C and 10% citric acid is added. 
The layers are separated and the organic layer is washed with 1 0% sodium 
25 bicarbonate and 10% sodium chloride, dried over anhydrous magnesium 
sulfate, filtered and concentrated in vacuo to afford the title compound. 



Example 17C 
N-f4-Benzvloxv-cis-2-butenvn-N-benzvl amine 
30 The amine is prepared by the reductive amination procedure described 

in Example 3A from the compound resulting from Example 17B and benzyl 
amine. 
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Example 17P 

^ry9p^^-l-rN-Rftn2vl-N-r4-h fln7YlQw-cis-2-butenvnaminQcait>onY)1 
ftyHnhirtane-2.3 4.trinarboxvlic acid 
The title compound is prepared using the compound resulting from 
5 Example 17C and the procedures described in Example 15B. 

Fvample 18 

(1 fy 9p.3ft.4fri-l .fN|.Rftn7 y i-NI-f A-phenoxv-cis-2-butenvnaminocarbonvll 
flyr.tohLrtane -P 3 4-tricarboxvlic acid 

10 

Example 18A 

ytflrt-Riityl dimethY lsiloxv-cis-2-butene-1.4- diol 
Cis-2-Butene-1, 4 diol (10 g, 0.113 mol) was dissolved in 200 mL 
CH2CI2 and treated with tert-butyldimethyl silyl chloride (17.9 g, 0.119 mol), 
1 5 triethylamine (1 8.8 mL, 0.1 35 mol) and a catalytic amount of N,N- 

dimethylaminopyridine. The resulting solution was stirred 2 days at room 
temperature then filtered. The organic layer was washed with distilled water (2 
x 100 mL) and 10% NaCI (2 x 100 mL), dried over anhydrous magnesium 
sulfate, filtered and concentrated in vacuo to afford 16.4 g of the title compound 
20 as a clear oil. 

Example 18B 
1-Bromo-cis-fl-pntene-4-te rt-butvl dimethvlsilvl ether 
The compound resulting from Example 18A in acetonitrile is added to a 
25 solution containing lithium bromide and trimethylsilyl chloride in acetonitrile. 
The reaction mixture is stirred at reflux for 2 hours then cooled to room 
temperature. Water is added to the reaction mixture, and the solvent is 
removed in vacuo. The residue is extracted with ether (2 x 50 mL). The 
combined organic extracts are washed with 10% sodium bicarbonate solution 
30 and brine, dried over anhydrous sodium sulfate, filtered and concentrated in 
vacuo to afford the title compound. 
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Example 18C 

1"PhenQxyciS'2-but9n9-4"t9rt'butyl dimethylsilyl ether 
The compound resulting from Example 1 8B is dissolved in DMF and 
treated with sodium phenoxide in DMF. The resulting mixture is heated at 
.5 80 °C for 6 hours then cooled to room temperature and diluted with a mixture 
of water (20 mL) and ethyl acetate (200 mL). The layers are separated, and the 
organic layer is washed with saturated sodium bicarbonate and brine, dried 
, over anhydrous sodium sulfate, filtered, and concentrated in vacuo to afford the 
title compound. 

10 

Example 18P 

4-Phenoxv-c is-2-butene-1-carboxaldehYde 
The compound resulting from Example 18C is treated with a THF 
solution of tetrabutyl ammonium fluoride (TBAF) and stirred 3 hours at room 
15 temperature. The solvent is removed in vacuo. The crude alcohol is oxidized 
to the aldehyde using the same procedure described in Example 17B. 

Example 1SE 
N-(4-PheP0xy-ci?-2-bMtenyi)-N-benzyl amine 
20 The amine is prepared by the reductive amination procedure described 

in Example 3A from the compound resulting from Example 18D and benzyl 
amine. 

Example 18F 

25 ( 1 a.2p.3p.4 aV1 -[N-Benzv l-N-(4>phenoxv-cis-2-butenvnaminocarbonvn 

c yp|Qfr ut ane -2,3,4-trfcait?Qxylic acid 
The title compound is prepared using the compound resulting from 
Example 18E and the procedures described in Example 15B. 



PCMJS96/05529 

WO 96/33159J— 



-70- 

Example 19 
m-m » 9R.3R.4«V1 -f N-Benzvl-N-(4- 
ph6noxvbenzvnaminQcarboP vncvclobutane-2.3.4-tricarbQXV)ic acid 

5 Example 19A 

(^.(1 » .9R.3B.4nVl .2 - Pifhftn7vl Q xvcflrhon V ncvclobutane-3.4-dicarboxvlic acid 

To a solution of 1,2,3,4-cyclobutanetetracarboxylic anhydride (21 g, 
107.1 mmol) in acetonitrile (530 mL) at -7.5 °C was added benzyl alcohol (70 
mL, 680 mmol) all at once. Triethylamine (30 mL, 210 mmol) was added 

10 dropwise over 3-5 minutes and the temperature rose to 2.8 °C. 

Dimethylaminopyridine (1.3 g, 10.6 mmol) was added and the temperature 
returned to -5 °C. The reaction mixture was stirred for 18 hours at which time 
the internal temperature was 9.2 °C and then concentrated in vacuo. The 
residue was dissolved in ethyl acetate (1 L) and washed with 2 M HCI (2 x 375 

15 mL). The product was then extracted into saturated NaHC03 solution (2 x 375 
mL). The aqueous solution was allowed to stand at ambient temperature and 
then was cooled in a refrigerator overnight. The solid was collected and 
washed with cold saturated NaHC0 3 solution (200 mL) and then was dissolved 
in water (500 mL), acidified with 2 M HCI (375 mL) and extracted into ethyl 

20 acetate (2 x 375 mL). The combined organic extracts were washed with brine, 
dried over sodium sulfate and concentrated in vacuo to afford (1a,2p\3p,4a)- 
1 ,2-di(benzyloxycarbonyl)cyclobutane-3,4-dicarboxylic acid (25.65 g, 58%) as 

a white solid, m.p. 164.5-165.5 °C. 

To the above prepared compound (1.0 g, 2.4 mmol) dissoved in absolute 

25 EtOH (45 mL) was added a solution of (-)-norephedrine (0.74 g, 4.9 mmol) in 
absolute EtOH (5 mL). The solution was allowed to sit at room temperature 
overnight. The resultant crystals were filtered and then recrystallized twice from 
hot absolute EtOH (4.5 mg/mL), then partitioned between 1 M H3PO4 and Et 2 0. 
The Et 2 0 layer was washed with brine, dried over Na 2 S04, filtered and 

30 concentrated to give the title compound. [a]D = +1 7.3° (c = 0.92, MeOH). 
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Example 19B 
(-)-flB,2B.3P,4{x)-i-fN-P9nzyl-N-(4- 
phenoxvbenzvl)aminocarbonvncvclobutane-2.3.4-tricarboxylic acid 
To the compound resulting from Example 19A (214 mg, 0.52 mmol) 
5 dissolved in DMF (1 .5 mL) was added a solution of N-benzyl-N-(4- 

phenoxybenzyl)amine (148 mg, 0.53 mmol) in CH2CI2 (0.5 mL). After cooling . 
to 0 °C, HOBT H 2 0 (78 mg, 0.51 mmol) and EDCI HCI (103 mg, 0.54 mmol) 
were added. The reaction was allowed to warm to room temperature overnight 
then diluted with EtOAc (20 mL) and washed 2x with saturated NaHCC>3, 3x 
10 with 1 M H3PO4 and brine. The organic layer was dried over Na2S04, filtered, 
and concentrated to a residue that was purified by chromatography eluting with 
1:1 ethyl acetate-hexane followed by 97.5:2.5 CHCb-MeOH to afford 50 mg 
(14%) of solid material. 

This material was dissolved in EtOAc (3 mL) and treated with 10% Pd/C 
15 (12 mg). This slurry was stirred under a hydrogen balloon for 3.5 hours, then 
filtered through celite and concentrated. The residue was dissolved in CH3CN, 
triturated with water and lyophilized to give the title compound (30 mg) as a 
white solid. "«H NMR (DMSO-d 6 ) 8 7.45-7.20, 7.17, 7.00, 6.92 (envelope, m, m, 
m, total 14H), 4.82, 4.70 (both m, total 2H), 4.25, 4.10 (both m, 2H), 3.82 (m, 
20 1H),3.55(m,3H). MS (FAB") m/e 502 (M-H)\ [cc]D = -60.4° (c = 0.695, 3:1 
MeOH-H20). 

Example 20 

(tH1g,2B,3B. 4tt)-1-[N-Be n gy|-N-(4- 
25 Dhenoxvbenzvnaminocarbonvl1cvclobutane-2.3.4-tricarboxvlic acid 

The first EtOH filtrate from Example 19A was concentrated, acidified, and 
treated with two equivalents of (+)-norephedrine. The resultant crystals were 
purified by the method of Example 25A to give the (-)-diacid. 

The diacid was converted to the title compound by the method of 
30 Example 25B. 1H NMR (DMSO-d 6 ) 5 7.45-7.20, 7.17, 7.00, 6.92 (envelope, m, 
m, m, total 14H), 4.82, 4.70 (both m, total 2H), 4.25, 4.10 (both m, 2H), 3.82 (m, 
1H), 3.55 (m, 3H). MS (FAB - ) m/e 502 (M-H)-. Anal, calcd for C 2 eH25N0 8 -1.4 
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H 2 0: C, 63.61; H, 5.30; N, 2.65. Found: C, 63.21; H, 4.84; N, 2.76. [a]D = 
+57.4° (c = 0.725, 3:1 MeOH-H 2 0). 

Examples 21 and 22 

5 ^1S■2S■3S■4S^-g■3-Difben2y lQxvcarbonvn-4-fN-((2S.3m-4-f3■4- 

dichloroDhenylV3-f2-naphthoyloxvV2-bu tvl)aminocarbonvncvclobutane-1- 

narfaoxyiic acid (21) and 
MRPRaR.4R\-2.3-Di(be nzvloxvcafbonvlM-rN-^2S.3RV4-f3.4-dichloroDhenvl)- 
3-r2-naphthovloxv^-2-butyl^aminoca rbonvncvclobutane-1 -carboxvlic acid (22) 

10 To a suspension of (2S,3R)-4-(3,4-dichlorophenyl)-3-(2-naphthoyloxy)- 

2-butylamine hydrochloride (106.2 mg, 0.250 mmol), prepared by the 
procedures described in European Patent Application EP 611749, published 
August 24, 1994, and incorporated herein by reference, the compound 
resulting from Example 9A (110.6 mg, 0.275 mmol) in methylene chloride (20 

15 mL) and THF (3 mL) was added 1 -ethyl-3-(3- 

dimethylaminopropyl)carbodiimide hydrochloride (EDCHCI, 74.0 mg, 0.375 
mmol), triethylamine (0.10 mL, 0.725 mmol), 4-dimethylaminopyridine (15 mg). 
The reaction was stirred overnight. Ethyl acetate (40 mL) was added to the 
reaction mixture, and the resulting mixture was washed with 0.2 M HCI (10 mL), 

20 potassium dihydrogenphosphate (half saturated, 10 mL) and brine (10 mL), 
dried over magnessium sulfate, filtered and concentrated in vacuo. The crude 
product was purified by chromatography eluting with 1:1 hexane-ethyl acetate 
(50 mL), ethyl acetate (100 mL) and 3% methanol in ethyl acetate to give 
Example 22 as the first fraction (76.1 mg, 39%) and Example 21 as the second 

25 fraction (89.5 mg, 46%). Example 21 : 1 H NMR(300 MHz, CDCI 3 ) 0 8.45-7.20 
(20 H), 5.40 (1 H), 5.20-4.96 (4 H), 4.27 (2 H), 3.95-3.60 (4 H), 3.02-2.85 (3 H), 
1.10 (3 H); MS (FAB +) m/e 782 pSCI, M+H]. Example 22: "<H NMR (300 MHz, 
CDCI3) 5 8.43-7.05 (20 H), 5.32-4.96 (5 H), 4.30 (1 H), 3.90-3.60 (4 H), 3.43 (1 
H), 2.94 (3 H), 1.17 (3 H); MS (FAB +) m/e 782 p5CI, M+H]. 



30 
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Exampie 23 

f1S.2R,3S,4R)-3-M9th9XYgart?onvl-4-[N-{(2S,3R)-4-(3,4-ijighi9r9Ph9nYi)-3-(2- 
naphthovloxy^2- butyl}aminocarbonvllcvclobutane-1.2-dicarboxvlic acid 
To a 0 °C solution of the compound resulting from Example 21 (29.1 mg, 

5 0.037 mmol) in 1:1 methanol-ether (4 mL) was added 

(trimethylsilyl)diazomethane (2.0 M in hexane, 1 mL). The solvent was 
evaporated, and to the residue was added 1 0% palladium on activated carbon 
(20 mg) and ethanol (3 mL). A hydrogen ballon was then attached to the 
reaction vessel, which was flushed with hydrogen three times and then stirred 

10 under a hydrogen atmosphere. After 10 hours, the reaction mixture was filtered 
through celite and concentrated to give the title compound (13.7 mg, 60%). 1 H 
NMR (500 MHz, CD 3 OD) 8 8.58 (s, 1H), 8.03 (d, 1 H), 7.95 (dt, 1 H), 7.92 (d, 2 
H), 7.63 (dt, 1 H), 7.58 (dt, 1 H), 7.49 (d, 1 H), 7.31 (d, 1 H), 7.22 (dd, 1 H), 5.30 
(m, 1 H), 4.26 (m, 1 H), 3.89 (m, 1 H), 3.70 (s, 3 H), 3.72-3.60 (m, 3 H), 3.18 (m, 

15 1 H), 3.04 (m, 1 H), 1 .26 (d, 3 H). MS (FAB+) m/e 616 p5CI, M+H]+. 

Example 24 

(1R.2S.3R.4S^-3-Metho xycarbonvl-4-fN-ff2S.3RM-(3.4-dichlorODhenvn-3-f2- 
naDhthovloxv^-2 -butvl1aminocarbonvncvclobutane-1.2-dicarboxvlic acid 

20 To a 0 °C solution of the compound resulting from Example 22 (32.1 mg, 

0.041 mmol) in 1:1 methanol-ether (4 mL) was added 
(trimethylsilyl)diazomethane (2.0 M in hexane, 1 mL). The solvent was 
evaporated, and to the residue was added 10% palladium on activated carbon 
(20 mg) and ethanol (3 mL). A hydrogen ballon was then attached to the 

25 reaction vessel, which was flushed with hydrogen three times and then stirred 
under a hydrogen atmosphere. After 10 hours, the reaction mixture was filtered 
through celite and concentrated to give the title compound (17.4 mg, 69%). 1 H 
NMR (500 MHz, CD3OD) 68.54 (1 H), 8.04-7.91 (m, 4 H), 7.65-7.53 (m,2 H), 
7.33-7.12 (m, 4 H), 5.30 (m, 1 H), 4.24 (m, 1 H), 3.89 (m, 1 H), 3.61 (s, 3 H), 

30 3.72-3.55 (m, 3 H), 3.3 (m, 2 H), 1 .31 (2 d's, 3 H). MS (FAB - ) m/e 614 pSQl, M- 
H] + . 
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Esamplfi 25 

{lft9fi3ft4R\-4-rN-K9fi3^^ 

b\ltYl)nm iP nftarbQnvllc y Hnhutan6 " 1 ? ^-tricarboxylic acid 
A suspension of the compound resulting from Example 21 (22.9 mg, 

5 0.029 mmol) and palladium (10%) on activated carbon (10 mg) in ethanol (3 
mL) was flushed with nitrogen, then hydrogen. A hydrogen ballon was then 
attached to the reaction mixture, and it was stirred for 10 hours. The mixture 
was then filtered through celite and concentrated to give the title compound 
(12.8 mg, 73%). 1 H NMR (500 MHz, CD3OD) 8 8.58 (s, 1H), 8.03 (d, 1 H), 7.95 

10 (dt, 1 H), 7.92 (d, 2 H), 7.63 (dt, 1 H), 7.58 (dt, 1 H), 7.47 (d. 1 H), 7.33 (d, 1 H), 
7.21 (dd, 1 H), 5.30 (m, 1 H), 4.26 (m, 1 H), 3.90 (m, 1 H), 3.74-3.60 (m, 3 H), 
3.18 (m, 1 H), 3.03 (m, 1 H), 1.26 (d, 3 H). MS (FAB+) m/e 602 pea, M+H]+. 

Example 26 

15 MRPR.3R.4SM -fN-^pRam-4-(3 4-r)iohloroDh9nvlV3-f2-naphthovloxv)-2- 

hutY D^minnrarbonvllcy nlnbutane-l .2.3-tricarbOXVlic acid 
A suspension of the compound resulting from Example 22 (23.0 mg, 
0.029 mmol) and palladium (10%) on activated carbon (10 mg) in ethanol (3 
mL) was flushed with nitrogen, then hydrogen. A hydrogen ballon was then 
20 attached to the reaction mixture, and it was stirred for 1 0 hours. The mixture 
was then filtered through celite, and concentrated to give the title compound 
(9.5 mg, 54%). 1 H NMR (500 MHz, CD3OD) 8 8.54 (1 H), 8.06-7.91 (m, 4 H), 
7.65-7.56 (m,2 H), 7.35-7.10 (m, 4 H), 5.27 (m, 1 H), 4.25 (m, 1 H), 3.90 (m, 1 H), 
3.72-3.55 (m, 3 H), 3.3 (m, 2 H), 1.31 (d, 3 H). MS (FAB+) m/e 602 [35CI, M+H]+. 

25 

Example 27 

Mfi9S.^/lSl-3-Meto^ 

n a phthoyloxvV2-b iit yl}aminocar bon vnc vclobUtane-1 ,2-diparbQxylic acid 
To a suspension of (1S,2R)-3-(3,4-dichlorophenyl)-1-methyl-2-(2- 
30 naphthoyloxy)propylamine hydrochloride (42.5 mg, 0.10 mmol), prepared by 
the procedures described in European Patent Application EP 611749, 
published August 24, 1994, and incorporated herein by reference, 1,2,3,4- 
cyclobutanetetracarboxylic dianhydride (100 mg, 0.50 mmol) in 1:1 ether- 
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acetonhrile (10 mL) at -78 °C was added triethylamine (15 mg, 0.15 mmol). 
The reaction mixture was allowed to warm to 22 °C overnight and then cooled 
with an ice-water bath. Diazomethane in ether was added to it until the solution 
remained slightly yellow. Formic acid (0.5 mL) was added immediately, 

5 followed by ethyl acetate (60 mL) and water (5 mL). The organic layer was 
washed with water (5 mL) and brine (5 mL), dried over anhydrous magnesium 
sulfate, filtered, and concentrated. The crude product was purified with column 
chromatography eluting with ethyl acetate (80 mL), followed by 95:5:1 ethyl 
acetate-methanol-formic acid to give the title compound (51 .3 mg). The proton 

10 NMR showed about a 1 :1 ratio of rotomers. 1 H NMR (300 MHz, DMSO-D6) 8 

8.59, 8.55 (s, 1 H), 8.37, 8.27 (d, 1 H), 8.16-7.89 (m, 4 H), 7.70-7.45 (m, 3 H), i 
7.25 (t, 1 H), 5.33 & 5.19 (m, 1 H), 4.10 (m, 1 H), 3.62 (s, 3 H), 3.57-3.45 (m, 3 
H), 3.35 (m, 1 H), 3.08 (m, 1 H), 2.97 (m, 1 H), 1.09, 1.07 (s, 3 H). MS (FAB+) 
m/e616[35CI, M+HJ+. 

15 

Example 28 
Alternate Preparation of 
nS.2S.3S.4S^2.3-Difbenzvloxvc arfaonvn-4-fN-(r2S.3R^-4-f3.4- 
dichlorophenyl)-3-f2-naphthoyloxy^-2-butyl)aminocarbonv1cvclobutane-1- 
20 carboxylic acid 

To a suspension of (1S,2R)-3-(3,4-dichlorophenyl)-1-methyl-2-(2- 
naphthoyloxy)propylamine hydrochloride (9 mg, 0.022 mmol) and the 
compound resulting from Example 19A (10 mg, 0.024 mmol) in methylene 
chloride (1 mL) and THF (1 mL) was added 1-ethyl-3-(3- 
25 dimethylaminopropyl)carbodiimide hydrochloride (EDC HCI, 4.8 mg, 0.024 
mmol), triethylamine (1 drop), 4-dimethylaminopyridine (1 mg). The reaction 
was stirred overnight. The reaction was worked up by the procedures 
described in Example 19 to give the title compound. 
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Examole 29 

nft.2«.3p.4B^-4-fN-{(9CiaR^4- ^-chlorophenvlV3-f4-biDhenvlvn-2- 

hutyl)aminocarbonvl lnyclobutane-1 .2.3-tricarboxvlic acid 
The compound resulting from Example 28A (300 mg, 0.728 mmol) in 50 

5 mL of methylene chloride was treated with 2 mL of oxalyl chloride. After 3 
hours all volatiles were removed under reduced pressure. The resulting oil 
was dissolved in 50 mL of methylene chloride, to which was added 271 mg 
(0.728 mmol) of (1RS, 2SR)-2-(4-biphenylyl)-3-(4-chlorophenyl)-1- 
methylpropylamine hydrochloride, prepared by the procedures described in 

10 Example 1 14 of European Patent Application EP 61 1 749, published August 24, 
1994, and incorporated herein by reference, to form a slurry. The mixture was 
cooled to 0 °C, whereupon 197 mg (1.53 mmol) of N,N-diisopropylethylamine 
in 10 mL of methylene dichloride was added dropwise. After 24 hours all 
volatiles were removed under reduced pressure. The resulting oil was 

15 dissolved in 50 mL of methylene dichloride, and the solution was washed with 
dilute HCI. The organic phase was dried (MgS0 4 ) and all volatiles were 
removed under reduced pressure. 

To the resulting oil dissolved in 10 mL of ethanol was added 20 mg of 
10% Pd/C, and an atmosphere of hydrogen was introduced. The mixture was 

20 stirred for 24 hours. The mixture was filtered, and all volatiles were removed 
under reduced pressure. The resulting oil was purified by flash column 
chromatography on silica gel, first eluting with 5:1 hexane-EtOAc, then with 2:1 
hexane-EtOAc, and finally with 1800:1 :1 EtOAc-HC0 2 H-H 2 0 to give 25mg 
(33%) of the title compound. 1 H NMR (CDCI 3 , 300 MHz) 8 0.93 and 0.96 (two 

25 doublets, J=6 Hz, 3H), 2.7-3.0 (m, 2H), 3.3-3.5 (m, 1 H), 3.5-3.9 (m, 4H). 4.1-4.3 
(m, 1H), 6.9-7.6 (m, 13H). MS (FAB+) m/e 550 (M+H) + . 

Example 30 

f1»Pp.3^.4^-2-Carbnmethoxv-4-rN-f(2S.3m-4-(3,4-dichlQr0p henvl)-3-(2- 
30 naphthovloxv^-2-butvl\aminocarbonv1c vclobutane-1 .3-dicarboxvlic acid — and 
Mpp rt .3 rt .4m-2-Carhomethoxv-4-r N-»2R.3R^4-(3.4-dichlorophenvn-3-(2- 

naphthoyloxvV2-hijtv»aminocar b onvlcv cl o butane-1,3-dica rbQXV|iQ acid 
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Example 3QA 

Dibenzvl na.2B.3B.4^-2-Carbomethoxv-4-rN-f(2S.3R>-4-r3.4-diehlorQphenyn. 
3-/2-naDhthovloxv>-2-butvllaminocarbonv)cvclobutane-1.3-dicarbQxvlat6 

and 

5 Dibenzvl (1B.2a.3a.4BV2-Carbomethoxv-4-rN.ff2S.3RM^3. 4-dichloroDhenvn- 
3^2-naDhthovloxy>-2^butvl)aminocarbonv]cvclobutane-1 .3-dicarboxvlate 
To a mixture of the compound resulting from Example 9A (351 mg, 0.85 
mmol), (2S,3R)-4-(3,4-dichlorophenyl)-3-(2-naphthoyloxy)-2-butylamine 
hydrochloride (90.5 mg, 0.21 mmol), 1-ethyl-3-(3- 

10 dimethylaminopropyl)carbodiimide hydrochloride (EDC HCI, 82 mg, 0.42 
mmol) at -78 °C was added THF (10 mL), dichloromethane (10 mL), and 
triethylamine (0.12 mL, 0.85 mmol). The reaction was left to warm to 25 °C 
overnight and then partitioned between ethyl acetate (80 mL) and 10% HCI 
(aqueous, 15 mL). The organic layer was washed with water (15 mL x 2), 

15 saturated potassium dihydrophosphate (10 mL), and brine (10 mL), dried over 
anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The 
residue was then dissolved in 1:1 dichloromethane-methanol (5 mL), and an 
excess amount of (trimethylsilyl)diazomethane (2.0 M in hexane, 2 mL) was 
added. The resulting green-yellow solution was concentrated in vacuo, and the 

20 residue was purified with silica gel column chromatography eluting with ethyl 
acetate and 2% methanol in ethyl acetate to give the title compound (137.5 mg, 
81%) as a diasteromeric mixtrure (1:1 ratio, based on 1 H NMR). 1 H NMR 
(CDCI3, 300 MHz) 5 8.52 (2 br s's, 1H), 7.96 (m, 2H), 7.87 (m. 2H), 7.59 (m, 2H), 
7.39-7.22 (m, 11H), 7.18 (m, 1H), 7.09 (2t's, 1H), 6.51, 6.39 (2 brd's, 1H), 5.40, 

25 5.28 (2 m's, 1H), 5.25-4.75 (m, 4H), 4.25 (m, 1H), 3.98-3.47 (m, 4H), 3.46, 3.45 
(2 s's, 3H), 2.95 (m, 2H), 1.22 &1.19 (2 d's, 3H). 



WO 96/33159.- - PCT/US96/05529 



-78- 
Example 3QB 

nfYPpap.4^-2-CarbQmethQXV-4- fNI-ff2S.3R^-4-r3.4-dichlorODhenvn-3-(2- 
naDhthovloxvVg-butvllamt nocarbQnvlcvclQbutane-l .3-dicarboxvlic acid — and 
Mppfi.3«.4fi>-2-Carbomethoxv-4 -fN^2S.3m-4-(3.4-dichlorQPhenvn-3-(2- 
5 naphthovloxv)-2-butvllami n ocarbonv1cvclobutane-1.3-dicarbQxylic add 

A suspension of the mixture resulting from Example 30A (113 mg, 0.14 
mmol) and 10% palladium on carbon (50 mg) in ethanol (5 mL) was 
hydrogenated using a hydrogen balloon source for 5 hours. The reaction 
mixture was then filtered through celite and concentrated. The residue was 
10 purified by column chromatography eluting with 1:1 chloroform-ethyl acetate, 
followed by 50:50:5:1 chloroform-ethyl acetate-methanol-formic acid to give the 
title compounds as a diastereomeric mixture (ratio -1:1, 71 .3 mg, 82%). H 
NMR (DMSO-d 6 , 500 MHz) 8 2.8-12.2 (br s, 2H), 8.59, 8.56 (2 s's, 1H), 8.37, 
8.25 (2 br d's, 1H), 8.10 (dd, 1H), 8.02 (m, 2H), 7.93 (dt, 1H), 7.67 (t, 1H), 7.62 
15 (dt, 1H), 7.55 (t, 1H), 7.45 (dd, 1H), 7.25 (dt, 1H), 5.33 & 5.17 (2 m's 1H), 4.12 
(m, 1 H), 3.60, 3.59 (2 s's, 3H), 3.70-3.34 (m, 4H), 3.14, 3.08 (2 dd's, 1 H), 2.94 
(m, 1H), 1 .18, 1.13 (2 d's, 3H). MS (FAB +) m/e 616 pSCI, M+H]+. 

Example 31 

20 (1fi.2p.3BV3-fN-{^S3R^-^ 4-DichloroDhenvn-3-r2-naphthovloxv)-2- 
hf ityl}aminocarbony 1cvclobutanft-1 ^-dicarboxvlic acid 

Example 31 A 
(■H).M«2p.3R.4«V1.2 -Dii , benzvloxvcarbonvl)-4-f(2- 
25 trimethvlsilvlflthyloxv>carbonvllcvclob utane-3-carboxvlic acid 

A solution of the compound resulting from Example 28A (3.53 g, 8.56 
mmol), 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC 
HCI, 1.50 g, 7.84 mmol) and triethylamine (1.2 mL, 8.6 mmol) in 1:1 
dichloromethane-THF (170 mL) was stirred for 15 minutes and then cooled to 
30 0 °C. To this reaction mixture was added trimethylsilylethyl alcohol (1.02 mL, 
7.13 mmol), followed by 4-dimethylaminopyridine (30 mg). The reaction 
mixture was stirred 3 hours and partitioned between ethyl acetate (150 mL) 
and 10% HCI (50 mL). The organic phase was washed with water and brine, 
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dried over anhydrous magnesium sulfate, filtered, and concentrated. The 
residue was then purified by column chromatography eluted with 30% ethyl 
acetate-hexane and ethyl acetate to give the title compound (2.69 g, 61%). 1 H 
NMR (CDCI 3 . 300 MHz) 8 7.40-7.28 (m, 10H), 5.13 (s, 4H), 4.05 (m, 2H), 3.80 
5 (m, 4H), 0.89 (t, 2H), 0.02 (s, 9H). 

Example 31 B 

Dibenzyl r2p.36.4aV1-iodo-4-r(2-tri methvlsilvlethvloxv^carbonvncvclobutane- 

2.3-dicarboxvlate 

10 A solution of the compound resulting from Example 31 A (3.95 g, 7.71 

mmol), iodobenzene diacetate (6.20 g, 19.3 mmol) and iodine (5.87 g, 23.1 
mmol) in carbon tetrachloride (200 mL) was deoxygenated with nitrogen and 
then irradiated with a 500 watt halogen lamp. The reaction was refluxed from 
the heat generated from the irradiation. After 20 hours, the reaction was cooled 

15 and filtered through a thick layer of silica gel (about 100 g), and washed with 
ether. The residue after concentration of the filtrate was purified by column 
chromatography eluted sequentially with 5%, 10%, 15%, and 20% ethyl acetate 
in hexane, to give two products (a- and 0-iodides), which were combined to 
give the title compound (3.45 g, 75%). 1 H NMR (CDCI3, 300 MHz) of the less 

20 polar diastereomer 6 7.45-7.30 (m, 1 0H), 5.24 (d, 1 H), 5.20 (d, 1 H), 5.1 1 (s, 2H), 
5.02 (dd, 2H), 4.15-3.96 (m, 3H), 3.79 (m, 2H), 0.92 (t, 2H), 0.03 (s, 9H). 1 H 
NMR (CDCI3. 300 MHz) of the more polar diastereomer 5 7.45-7.30 (m, 10H), 
5.23-5.07 (m, 4H), 4.65 (m, 1 H), 4.25-4.10 (m, 3H), 3.60 (m, 2H), 0.98 (m, 2H), 
0.03 (s, 9H). 

25 

Example 31 C 

Dibenzyl n«.2B.3pV3-f^2-trimethvlsilvlethv loxy^carbonvl]cvclobutane-1.2- 

dicarboxvlate 

A solution of the compound resulting from Example 31 B (3.45 g, 5.81 
30 mmol), tributyltin hydride (3.1 mL, 1 1 .6 mmol) and AIBN (20 mg) in toluene (20 
mL) was heated at 90 °C for 6 hours. The solvent was evaporated in vacuo, 
and the residue was dissolved in ether (40 mL). To this well stirred solution 
was added water (0.1 mL), followed by DBU (2 mL). The resulting milky mixture 
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was filtered through silica gel (30 g) and washed with ether. The residue 
resulting from concentration of the filtrate was purified by column 
chromatography eluted sequentially with hexane, 5%, 10%, 15% ethyl acetate 
in hexane to give the title compound as a sticky oil, which solidified on standing 
5 at 25 °C (1 .75 g, 74%). 1 H NMR (CDCI3, 300 MHz) 8 7.34 (m, 1 0H), 5.1 5 (s, 
2H), 5.10 (s, 2H), 4.05 (m, 2H), 3.75 (m, 2H), 3.35 (m, 1H), 2.43 (m, 2H), 0.89 (t, 
2H), 0.02 (s, 9H). 

Example 310 

10 M».2p.3BM ,2-Difben2vlo yycarfaonvncyelobutane-3-carboxvlic acid 

A solution of the compound resulting from Example 31 C (300 mg, 0.64 
mmol) and tetrabutylammonium fluoride monohydrate (335 mg, 1 .28 mmol) in 
DMF (6 mL) was stirred at room temperature for 3 hours. The reaction mixture 
was then diluted with ethyl acetate (80 mL) and washed with 1% HCI (15 mL), 

15 water (15 mL), 1 M potassium dihydrophosphate (1 5 mL), and brine (15 mL), 
dried over anhydrous magnesium sulfate, filtered, and concentrated. The 
residue was then purified by column chromatography eluted with 30% ethyl 
acetate in hexane, followed by 100% ethyl acetate to give the title compound 
(193 mg, 82%). 1 H NMR (CDCI3, 300 MHz) 5 7.34 (m, 10H), 5.14 (m, 4H), 3.77 

20 (m, 2H), 3.42 (m, 1 H), 2.48 m (2H). 

Example 31 E 

DihanTvl nR.2ft.3raV3-[N-(2S.3R)-4- fa.4-dichloroDhenvn-3-(2-naphthovloxvV2- 
hiityl)aminncarbonv1cvc lQbutane-1.2-dicarboxvlate (\) and 
25 Dibenzyl fi a .2p,3p^-3-fN-(2S-3R1-4-r3.4-d ichlorophenvh-3-f2-naphthovloxv)-2- 
butvnaminoca rbpnvlcvclobutane-1 .2-dicarboxvlate (\\) 
To a solution of the compound resulting from Example 31 D (82.5 mg, 
0.224 mmol) in dichloromethane (5 mL) was added oxalyl chloride (2.0 M in 
dichloromethane, 0.5 mL), followed by a small drop of 1 :4 DMF- 
30 dichloromethane. After 10 minutes, the reaction solvent was evaporated using 
a stream of nitrogen, and the residue was placed under vacuum (2 mm Hg) for 
15 minutes. The acid chloride was re-dissolved in dichloromethane (5 mL) and 
was cooled to 0 °C. To this solution was added (2S,3R)-4-(3,4- 
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dichlorophenyl)-3-(2-naphthoyloxy)-2-butylamine hydrochloride (104.7, 0.246 
mmol) , followed by triethylamine (0.093 mL, 0.67 mmol) and 4- 
dimethylaminopyridine (5 mg). After 30 minutes at 25 °C, the reaction mixture 
was filtered through silica gel, washed with ethyl acetate, and the filtrate was 

5 concentrated in vacuo. The residue obtained was purified by column 

chromatography eluted with 30 % ethyl acetate in hexane to give 31 E(i) as the 
first fraction (53.5 mg, 32%), and compound 31 E(ii) as the second fraction (62.3 
mg, 37 %). 1 H NMR (CDCI3, 300 MHz) of compound 31E(i) 8 8.51 (s, 1H), 7.96 
(m, 2H), 7.90 (m, 2H), 7.59 (m, 2H), 7.40-7.26 (m, 12H), 7.1 1 (dd, 1H), 5.85 (d, 

10 1H), 5.48 (m, 1H), 5.12 (s, 2H), 5.12 (d, 1H), 5.08 (d, 1H), 4.26 (m, 1H), 3.92 (q, 
1H), 3.68 (m, 1H), 3.14-2.90 (m, 3H), 2.52 (m, 1H), 2.33 (m, 1H), 1.17 (d, 3H). 
1 H NMR (CDCI3, 300 MHz) of compound 31E(ii) 5 8.51 (s, 1H), 7.97 (m, 2H), 
7.89 (m, 2H), 7.60 (m, 2H), 7.40-7.26 (m, 12H). 7.09 (dd, 1H), 6.10 (d, 1H), 
5.24 (m, 1H), 5.17-5.02 (m. 4H), 4.29 (m, 1H), 3.91 (m, 1H), 3.72 (m, 1H), 3.19 

15 (m, 1 H), 3.00 (m, 2H), 2.48-2.30 (m, 2H), 1 .24 (d, 3H). 

Example 31 F 

(iB,2ffi.3«)-3-[N-{2S,3P}-4-(3,4-Dichlorophenyn-3-(2-naphthOYlPxy)-2- 
butyl}aminocarbonv1cvclobutane-1 .2-dicarboxvlic acid 

20 A suspension of the compound resulting from Example 31 E(i) (52.6 mg, 

0.071 mmol) and palladium (10%) on carbon (50 mg) in DMF (5 mL) was 
hydrogenated using a hydrogen balloon source for 1 hour. The reaction 
mixture was then filtered through celite, washed with 4:1 ethyl acetate- 
methanol, and the filtrate concentrated. The residue was diluted to 45 mL with 

25 ethyl acetate and was washed with 1% HCI (10 mL), potassium 

dihydrophosphate (saturated, 10 mL), water and brine, dried over anhydrous 
magnesium sulfate, filtered, and concentrated in vacuo. The residue was then 
purified by column chromatography eluted with 5% methanol in ethyl acetate 
followed by 50:50:5:1 chloroform-ethyl acetate-methanol-formic acid to give the 

30 title diacid (34 mg, 81 %). 1 H NMR (DMSO-d 6 , 500 MHz) 8 8.59 (s, 1 H), 8.25 (m, 
2H), 8.01 (m, 2H), 7.93 (m, 1H), 7.68 (m, 1H), 7.62 (m, 1H), 7.25 (dd, 1H), 7.21 
(m, 1H), 5.18 (m, 1H), 4.13 (m, 1H), 3.51-3.10 (m, 4H), 2.95 (m, 1H), 2.15 (m, 
2H), 1.10 (d, 3H). MS (FAB+) m/e 558 p5CI, M+H]+. 
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Example 32 

M«.2p.ap\-3-fN-PS3R^4-f3.4- DichioroDhenvn-3-f2-naDhthovloxvV2- 
^yi tyl>aminocarbonv )cvclobutane-1 .2-dicarboxvlic acid 
5 The compound resulting from Example 31 E(ii) (61 .3 mg, 0.083 mmol) 

was reacted by the procedures described in Example 31 F to give the title 
compound (45.0 mg, 97%). 1 H NMR (DMSO-d 6 , 500 MHz) 8 8.56 (s, 1H), 8.11 
(m, 2H), 8.01 (m, 2H), 7.92 (m, 1H), 7.67 (m, 1H), 7.62 (m, 1H), 7.24 (m, 2H), 
5.36 (m, 1H), 4.12 (m, 1H), 3.51-3.10 (m, 3H), 3.10-2.95 (m, 2H), 2.12 (m, 2H), 
10 1.04 (d,3H). MS (FAB+) m/e 558 [35CI, M+H]+. 

Example 33 

Mp.2p.3^-3-rN-f2S3R\-4.f3.4- DichloroDhenvh-3-(2-naDhthovloxv)-2- 
h»ityl)aminQcarbonv 1nyclobutane-1 .2-dicarboxvlic acid 

15 

Example 33A 

Mp.2rt.3nt>-1-K2-Trimethvlsilvleth vloxv^carbonvncvclobutane-2.3-dicarboxvliC 

acid 

A suspension of the compound resulting from Example 31 C (104 mg, 
20 0.26 mmol) and 10% palladium on carbon (100 mg) in ethanol (5 mL) was 
hydgogenated using a hydrogen balloon source for 15 hours. The reaction 
mixture was then filtered through celite and concentrated in vacuo to give the 
title compound (76 mg, 100%). 1 H NMR (DMSO-d 6 , 300 MHz) 6 4.07 (m, 2H), 
3.50-3.25 (m, 3H), 2.23 (m, 2H), 0.91 (m, 2H), 0.03 (s, 9H). 

25 

Example 33B 

fip,3 rt .3^.3-rN-(2RaR\-4-/3.4-Dichlorophenvl)-3-(2-naphth o v loxy)-2- 
butyl)aminocarbony1-l-ft2-trimet h vlsilvlethv loxv^carbonvl1evcl pbUtane-2- 

narboxvlic acid 

30 A solution of the compound resulting from Example 33A (64.2 mg, 0.223 

mmol), l-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC 
HCI, 43 mg, 0.223 mmol) and triethylamine (0.046 mL, 0.31 mmol) in 1:1 
dichloromethane-THF (170 mL) was stirred for 15 minutes and then was cooled 
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to -20 °C. To this solution was added (2S,3R)-4-(3,4-dichlorophenyl)-3-(2- 
naphthoyloxy)-2-butylamine hydrochloride (80 mg, 0.19 mmot) followed 4- 
dimethylaminopyridine (4 mg). The reaction was gradually warmed to room 
temperature over 15 hours. The reaction mixture was then diluted with ethyl 

5 acetate (80 mL), and was washed with 1% HCI (10 ml_), water (10 mL) and 
brine, dried over anhydrous magnesium sulfate, filtered, and concentrated. The 
residue was then purified by column chromatography eluted sequentially with 
1:1 hexane-ethyl acetate, 100% ethyl acetate and 5% methanol in ethyl acetate 
to give first fraction as the mixture of both diastereomers of diamide and a 

10 second fraction as the title compound (34.1 mg, 23%). 1 H NMR (CDCI3, 300 
MHz) 8 8.49 (s, 1 H), 7.95 (m, 2H), 7.87 (m, 2H), 7.59 (m, 2H), 7.37 (d, 1 H), 7.32 
(dd, 1H), 7.11 (dd, 1H), 5.52 (m, 1H), 4.28 (m, 1H), 4.17 (m, 2H), 3.65 (m, 1H), 
3.46 (m, 1H), 3.23 (m, 1H), 2.99 (m, 2H), 2.57 (m, 1H), 2.10 (m, 1H), 1.32 (d, 
3H), 0.96 (m, 2H), 0.03 (s, 9H). 

15 

Example 33C 

(1B,2P.3g)-3-fN-{2S.3RH-(3.4-Pichiprophenyl)-3-(2-naphthQylpxy)-2- 
butvl}aminocarbonv1cvclobutane-1 .2-dicarboxvlic acid 
A solution of the compound resulting from Example 13B (39.7 mg, 0.060 

20 mmol) and tetrabutylammonium fluoride monohydrate (50 mg) in DMF (3 mL) 
was stirred at room temperature for 2 hours. The reaction mixture was then 
diluted with ethyl acetate (50 mL), washed with 1% HCI (5 mL), water (5 mL), 1 
M potassium dihydrophosphate (5 mL), and brine (5 mL), dried over anhydrous 
magnesium sulfate, filtered, and concentrated. The residue was then purified 

25 by column chromatography eluted sequentially with 5% methanol in ethyl 

acetate followed by 50:50:5:1 chloroform-ethyl acetate-methanol-formic acid to 
give the title compound (33.0 mg, 98%). 1 H NMR (DMSO-d 6 , 500 MHz) 6 8.56 
(s, 1H), 8.11 (m, 2H), 8.01 (d, 2H), 7.92 (dd, 1H), 7.66 (t, 1H), 7.62 (t, 1H), 7.55 
(d, 1H), 7.45 (d, 1H), 7.22 (dd, 1H), 5.26 (m, 1H), 4.10 (m, 1H), 3.51-3.30 (m, 

30 2H), 3.15 (dt, 1H), 3.07 (dd, 1H), 2.95 (dd, 1H), 2.10 (m, 2H), 1.17 (d, 3H). MS 
(FAB +) m/e 558 (M+H, CI-35) + . 
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Example 34 D 

f1p.2«.3aV3-fN-/r2S.3R^-4- ^-chloroDhenvh-3-^4-biDhenvlvn-2- 

butvl^aminocarbonvl)cyclobutan e-1 .2-dicarboxvlic acid 
A mixture of 130 mg (0.353 mmol) of the compound resulting from 

5 Example 31 D in 5 mL of dichloromethane was treated with 0.5 mL of oxalyl 
chloride. After 4 hours all volatiles were removed under reduced pressure to 
afford an oil. The oil was dissolved in 10 mL of dichloromethane, 131 mg (0.353 
mmol) of (1RS, 2SR)-2-(4-biphenylyl)-3-(4-chlorophenyl)-1-methylpropylamine 
hydrochloride, prepared by the procedures described in Example 1 14 of 

10 European Patent Application EP 61 1749, published August 24, 1994, and 

incorporated herein by reference, was added followed by 114 mg (0.883 mmol) 
of diisopropylethylamine. After 24 hours the solution was washed with brine, 
and all volatiles were removed under reduced pressure to give 203 mg (84%) of 
a yellow oil. A tic on silica gel eluting with hexane/ethyl acetate (2:1) revealed 

15 two inseparable spots at Rf= -0.4, which are presumably diastereomers. 

A mixture of this product in 6 mL of methanol and 2 mL of water with 27.4 
mg (0.652 mmol) of lithium hydroxide hydrate was heated to reflux under an 
atmosphere of nitrogen for 6 hours. The volatiles were removed under reduced 
pressure, the product was mixed with 5 mL of water and the mixture was 

20 extracted with ethyl acetate. The combined extracts were dried (MgSCXt) and all 
volatiles were removed under reduced pressure. The resulting semisolid was 
purified by flash column chromatography on silica gel eluting with 95:5 
chloroform-methanol to give 27 mg (18%) of the title compound. 1 H NMR (300 
MHz, CD 3 OD) 5 0.92 (d, J=7 Hz, 3H), 2.3-2.4 (m, 2H), 2.8-2.9 (m, 2H), 3.3-3.4 

25 (m, 2H), 3.6-3.8 (m, 2H), 4.2-4.3 (m, 1 H), 6.9-7.6 (m, 13H). MS (FAB)+ m/e 505 
(M+H)+. 
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Exanrmle 35 

Mp.2p.3a.4aM-rN-Ben2vl-N-no -phenvldQcvl^aminocarbonvncvclobutane- 

1 ^tricarboxylic acid 

5 Example 35A 

N-Benzvl-1 0-p henvldecanamide 
To a solution of 10-phenyldecanoic acid (1.101 g, 4.43 mmol) in 20 mL 
of CH2CI2 at room temperature was added oxalyl chloride (1.41 g, 1 1.08 mmol) 
and 1 drop of DMF, and the reaction mixture was stirred for 1 hour under 

10 nitrogen. The CH2CI2 and excess oxalyl chloride were evaporated. The 

reaction was redissolved in CH2CI2 and benzylamine (1.42 g, 13.3 mmol) and 
2 mL of saturated aqueous NaHC03 were added and the reaction stirred for 12 
hours. The reaction was taken up in EtOAc and washed with 1 N HCI x 2, 
followed by saturated aqueous NaCI, and evaporated to give 1.462 g (98%) of 

15 an oil that was used without further purification. 1 H NMR (CDCI3, 300 MHz) 6 
1.30 (m, 10H), 1.55-1.72 (m, 4H), 2.20 (t, 2H), 2.59 (t, 2H), 4.45 (d, 2H), 5.68 (bs, 
1 H), 7.12-7.38 (m, 10H). MS (DCI-NH3) m/e (M+H) + 338. 

Example 35B 

20 NI-Benzyl-N-f 1 0-phenvldecvnamine 

The compound resulting from Example 35A (1.462 g, 4.33 mmol) was 
dissolved in THF and lithium aluminum hydride (8.66 mL, 1.0 M solutionn in 
THF) was added by syringe, and the reaction was heated to reflux for 6 hours 
under nitrogen. The reaction was cooled and quenched with water and 15% 

25 aqueous sodium hydroxide, then filtered and evaporated to give 1.32 g (94%) 
of the title compound as an oil that was used without further purification. 1 H 
NMR (CDCI3, 300 MHz) 8 1.30 (m, 13 H), 1.50 (m, 2H), 1.60 (m, 2H), 2.60 (app 
q, 4H), 3.75 (s, 2H), 7.10-7.35 (m, 10H). MS (DCI-NH3) rn/e (M+H)+, 324. 
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Example 35C 

Mp.2part.4«\-4-rN-Ben7vl-N-riO- phenvldecvl^aminocarbonvncvclobutang- 

1 ,9 3-tricarboxvlic acid 
To a solution of 1 ,2,3,4-cyclobutanecarboxylic dianhydride (647 mg, 3.30 
5 mmol) in 1 0 ml_ DMF at 0 °C was added a dropwise addition of the compound 
resulting from Example 35B (212 mg, 0.66 mmol) in 10 mL THF and the reaction 
stirred for 12 hours. The reaction was quenched with 5 mL of 1 N HCI and then 
taken up in EtOAc. The organic phase was washed with saturated aqueous 
sodium chloride, dried over sodium sulfate and evaporated to an oil. The crude 
10 product was purified by silica gel chromatography eluting with 95:5:1 EtOAc- 
MeOH-HC0 2 H to give 284 mg of a white solid. 1 H NMR (CD 3 OD), 300 MHz) 8 
1 .20 - 1 .32 (m. 13H), 1 .45 - 1 .65 (m, 4H), 2.56 (t, 2H), 3.32 (s, 2H), 3.60 - 3.83 (m, 
2H), 3.95 - 4.10 (m, 2H), 4.35 - 4.42 (m, 1H), 7.08 - 7.35 (m, 10H) MS (DCI-NH3) 
m/e (M+H)+, 537. 

15 

Example 36 

f1p.2p.3rt.4ncM-fN-R6n?vl-N-f8-p henvlocvnaminocarbonvncvclobutane-1.2.3- 

trinarboxvlic acid 
N-Benzyl-8-phenyl octanamide was prepared by the procedures 
20 described in Example 35A from 8-phenyloctanoic acid. 1 H NMR (CDCI3, 300 
MHz) 6 1 .34 (s, 6H), 1 .52 - 1 .72 (m, 4H), 2.20 (t, 2H), 2.60 (t, 2H), 4.44 (d, 2H), 
5.68 (bs, 1H), 7.12 - 7.35 (m, 10H). MS (CI-NH3) m/e (M+H)+, 310. 

N-Benzyl-N-(8-phenyl)octylamine was prepared by the procedures 
described in Example 35B. 1 H NMR (CDCI3, 300 MHz) 8 1.30 (m, 8 H), 1.42 - 
25 1 .70 (m, 5H), 2.60 (app q, 4H), 3.78 (s, 2H), 7.10-7.35 (m, 10H). MS (CI-NH3) 
m/e (M+H) + 296. 

The title compound was prepared from N-Benzyl-N-(8-phenyl)octylamine 
and 1 ,2,3,4-cyclobutanetetracarboxylic dianhydride by the procedures 
described in Example 35C. 1 H NMR (CD3OD), 300 MHz) 8 1 .20 - 1 .32 (m, 8H), 
30 1 .45 - 1 .62 (m, 6H), 2.52 (t, 2H), 3.45 - 3.83 (m, 3H), 3.97 - 4.1 0 (m, 1 H), 4.35 - 
4.42 (dd, 1H), 4.47 - 4.85 (m, 1H) 7.08 - 7.35 (m, 10H) MS (DCI-NH3) m/e 
(M+H)+ 509. 
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Exampie 37 

2-rN-f^S.3R>-4-(4-ChloroDhenvlW3-r4-biDhenvlvh-2- 
butyllaminocaroonvncvclobutane-l -carboxvlic acid 

, 5 Example 37A 

2-fN-((2S.3RM -f4-ChloroDhenvh-3-f4-biDhenvlvl)-2- 
butyl}aminoc arbonyl1cvclobutane-1-carboxvlic acid methvl ester 
To a solution of 56 mg (0.31 mmol) trans-1 ,2- 
cyclobutanedicarbonylchloride in 3 ml_ of ethyl ether at -10 °C was added a 

10 solution of 106 mg (0.31 mmol) of (1RS, 2SR)-2-(4-biphenylyl)-3-(4- 

chlorophenyl)-1-methylpropylamine hydrochloride, prepared by the procedures 
described in Example 114 of European Patent Application EP 611749, 
published August 24, 1994, 0.25 ml_ (6.2 mmol) of methanol and 65 pL (0.46 
mmol) of triethylamine in 3 mL of CH2CI2 dropwise. The mixture was stirred 

15 overnight during which time the cold bath melted. The mixture was poured into 
a separatory funnel containg 50 mL of ethyl ether and 20 mL of H2O and the 
phases were separated. The organic phase was extracted with 1 N aqueous 
HCI and then dried over MgS04, filtered and concentrated. The residue was 
purified by column chromatography on S1O2 eluting with 40% ethyl acetate in 

20 hexanes to give 52 mg (35%) of the title compound as a 1 :1 mixture of 

diastereomers. 1 H NMR (CDCI3) 8 7.57 (m, 2H), 7.49 (m, 2H), 7.43 (m, 2H), 
7.32 (m, 1H), 7.13 (m, 4H), 6.92 (m, 2H), 5.74 (bd, 1H), 4.33 (m, 1H), 3.64, 3.67, 
(2s, total 3H), 2.87 - 3.35 (m, 5H), 1.91 - 2.38 (m, 4H), 1.02 (2d, total 3H). MS 
(DCI NH 3 ) m/e (M+H)+. 

25 

Example 37B 
2-fN-{(2S.3RM-f4-ChloroDhenvn-3-(4-biDhenvlvn-2- 
butvl)aminocarbon vllcvclobutane-1 -carboxvlic acid 
To a solution of 50 mg (0.10 mmol) of the compound resulting from 
30 Example 37A in 1 .5 mL of THF at 0 °C was added a solution of 8 mg (0.20 

mmol) of LiOH • H2O in 0.5 mL of H2O. After stirring the mixture for 2 hours the 
reaction was quenched by the addition of 0.25 mL of 3 N aqueous HCI. The 
reaction mixture was poured into 5 mL of H2O and extracted with 2x1 0 mL 
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portions of ethyl acetate. The combined organic phases were extracted with 
brine, dried over MgSCU, filtered and concentrated to give 44 mg (96%) of the 
title compound. 1 H NMR (DMSO-d 6 ) 8 7.76 (m, 1H), 7.62 (m, 2H), 7.53 (d, 2H), 
7.44 (m, 2H), 7.33 (m, 1H), 7.18 (m, 4H), 7.02 (m, 2H), 4.05 (m, 1H), 2.78 - 3.38 
5 (m, 5H), 1 .86 - 2.09 (m, 4H), 0.85 (2d, total 3H). MS (DCI NH 3 ) m/e 479 
(M+H+NH 3 )+. HRMS (FAB) Calcd for C28H29CINO3: 462.1836. Found: 
462.1840. 

Example 38 

10 np.2p.3«.4«)-4-rN-Benzvl-N-(4-(3- 

chlorophenoxv^ben?yl^aminoc arbonvncvclobutane-1.2.3-tricarboxvlic acid 

Example 38A 
A-f3-ChloroDhenoxv)benzaldehvde 
15 3-Chlorophenol (0.52 g, 4 mmol), 4-fluorobenzaldehyde (0.50 g, 4 mmol), 

and potassium carbonate (0.56 g, 4 mmol) were stirred in DMF (5 mL) at 80 °C 
for 48 hours. The reaction mixture was diluted with ethyl acetate and washed 
with water and brine, dried over Na2S04, filtered and evaporated to give the title 
compound in 95% yield. 1 H NMR (CDCI3, 300 MHz) 6 6.95-7.40 (m, 9H),7.85- 
20 8.31 (m, 4H), 9.94 (s, 1 H). MS m/e 233 (M+H) + . 

Example 38B 
Mp.2p.3«.4aM -rN-Benzvl-N-(4-(3- 
chlorophenoxv)han7yhaminocarbonvncy clobutane-1.2.3-tricarboxvlic acid 
25 The title compound was prepared by the procedures described in 

Example 3 using the compound resulting from Example 38A. 1 H NMR (CDCI3, 
500 MHz) 8 3.6 (m, 2H), 3.92-4.95 (m, 6H), 6.9-7.38 (m, 13H). MS m/e 538 
(M+H)+. 
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Example 39 
Mp.9part.4^-4-fN-BQ nzvt-NW2.chloro-4- 
fphenQxy)b8nzvhaminQcarfaonvnc yclobutanB-1.2.3-tricarboxvlic acid 
The title compound was prepared by the procedures described in 
Example 3 from 4-phenoxy-2-chlorobenzaldehyde, prepared by analogy to the 
procedure used for 4-(3-chlorophenoxy)benzaldehyde. 1 H NMR (CDCI3, 500 
MHz) 8 3.59 (m, 2H), 3.85-4.90 (m, 6H), 6.89-7.68 (m, 13H). MS m/e 538 
(M+H)+. 

Example 40 
rip.2p3ft.4^-4-fN-Benzvl-N-f3-chloro-4- 
fphenoxy^benzvnaminocarbonvncvclo butane-1 .2.3-tricarboxvlic acid 
The title compound was prepared by the procedures described in 
Example 3 from 4-phenoxy-3-chlorobenzaldehyde, prepared by analogy to the 
procedure used for 4-(3-chlorophenoxy)benzaldehyde. 1 H NMR (CDCI3, 500 
MHz) 5 3.57 (m, 2H), 3.90-4.89 (m, 6H), 6.90-7.51 (m, 13H). MS m/e 538 
(M+H)+. 

Example 41 

W-n«.2p.4ft^.2.fN-(r2S .3R^-4-r4-ChloroDhenvn-3-f4-biphenvlvl)-2- 
butvnaminocarbonvn-4-h vdroxvmethvlcyclobutane-1 -carboxvlic acid sodium 

salt 

Example 41 A 

{±Wip.2tt.4ttl-3-Hvdroxvmethvl-1 .2-dicarboxvlic acid dibenzvl ester 
To a -20 °C solution of the compound resulting from Example 31 D (551 
mg, 1.50 mmol) and N-methylmorpholine (0.329 mL, 3.0 mmol) in THF (8 ml_) 
was added isobutyl chloroformate (0.292 mL, 2.24 mmol). After 45 minutes 
sodium borohydride (277 mg, 7.50 mmol) was added, followed by addition of 
methyl alcohol (0.5 mL). After 1 .5 hours at -20 °C, saturated aqueous 
ammonium chloride solution (1 mL) was added to the reaction. The reaction 
mixture was diluted with ether (80 mL), washed with water (2x10 mL) and 
brine, dried over anhydrous magnesium sulfate, filtered, and concentrated in 
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vacuo. The residue was then purified with column chromatography eluting with 
5% ether in chloroform to give the title compound (395 mg, 74%). 1 H NMR (300 
MHz, CDCI 3 ) 8 7.34 (m, 10 H), 5.155 (d, 1 H), 5.150 (d, 1 H), 5.13 (s, 2 H), 3.60 
(m, 3 H), 2.76 (m, 1 H), 2.32 (m, 1 H), 2.1 7 (t, 1 H), 2.05 (m, 1 H). 

5 

Example 41 B 

f+\-Mp.2«.4^-1-Benzvloxycarbonvlcvc lobutane-2.3-aamma-lactone 
A solution of the compound resulting from Example 41 A (157.5 mg) and 
DBU (34 mg) in toluene (5 mL) was heated at 100 °C for 1 hour. After the 
10 reaction mixture was cooled to room temperature, it was filtered through silica 
gel (5 g) and rinsed with ethyl acetate. The filtrate was evaporated in vacuo to 
give the title compound which was used without purification. 1 H NMR (300 MHz, 
CDCI3) 8 7.48 (m, 5 H), 5.20 (s, 2 H), 4.40 9dd, 1 H), 4.27 (dd, 1 H), 3.40 (m, 1 
H), 3.30 (m, 2 H), 2.60 (m, 1 H), 2.39 (m, 1 H). 

15 

Example 41 C 

(+W1p.2«.4ort-2 .3-gamma-Lactone cvclobutane-1-carboxylic acid 
A mixture of the compound resulting from Example 41 B and 10% 
palladium on carbon (100 mg) in ethyl aceate was hydrogenated under a 
20 hydrogen balloon for 2.5 hours. The mixture was then filtered through celite and 
rinsed with ethyl acetate. The filtrate was evaporated in vacuo to give the title 
compound which was used without further purification (67 mg, 97% for 2 steps). 
1H NMR (300 MHz, DMSO-d 6 ) 8 4.36 (dd, 1 H), 4.25 (dd, 1 H), 3.25 9m, 1 H), 
3.10 (m, 2 H), 2.43 (m, 1 H), 2.28 (m, 1 H). 

25 

Example 41 P 

(±)-na.2B.4a>-1-fN-f(2S.3RM- i4-ChioroDhenvn-3-r4-biPhenvlvl)-2- 

huh/l}aminQcarbonyHcvclobutan e-2.3-Qamma-Lactone 
To a solution of the compound resulting from Example 41 C (63 mg, 0.40 
30 mmol) in dichloromethane (5 mL) was added oxalyl chloride (2.0 M solution in 
dichloromethane, 0.24 mL) and a tiny drop of dimethylformamide in 
dichloromethane (25 volume%). After 1 hour, the solvent was evaporated, and 
the resulting acid chloride was dried under the high vacuum for 0.5 hour. The 
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residue was redissolved in dichloromethane (15 mL), and (1RS, 2SR)-2-(4- 
biphenylyl)-3-(4-chlorophenyl)-1-methylpropylamine hydrochloride, prepared by 
the procedures described in Example 114 of European Patent Application EP 
61 1749, published August 24, 1994, (163.7 mg, 0.44 mmol) was added to the 

5 solution. After stirring overnight, the reaction mixture was filtered through silica 
gel and rinsed with ethyl acetate. The filtrate was evaporated in vacuo, and the 
residue was purified by column chromatography eluting with 100% ether to give 
the title compound (89.7 mg, 47%) as a mixture of two diastereomers (ratio, 1:1). 
1H NMR (300 MHz, CDCI 3 ) 6 7.60-7.30 (rn, 7H), 7.15 (m, 4H), 6.96 (m, 2H), 5.26 

10 (m, 1H), 4.45 (m, 1H), 4.39 (m, 1H), 4.30 (dd, 1H), 3.32 (m, 2H), 3.10-2.90 (m, 
4H), 2.71 (m, 1 H), 2.25 (m, 1 H), 1 .05 (2 doublets, 3H). 

Example 41 E 

f±>-f1ot.2p.4aV2-r , N-fr2S.3m-4-r 4-ChloroDhenvlV3-r4-biDhenvlvn-2- 
15 butvl)aminocarbonyn-4-hydroxvmethvlcvclobutane-1 -carbo xvlic acid sodium 

salt 

To a solution of the lactone resulting from Example 42D (41 mg, 0.083 
mmol) in THF was added NaOH (1.0 M in water, 0.091 mL), and the reaction 
mixture was stirred overnight. The solvent was evaporated to give the title 
20 compound. 1H NMR (500 MHz, DMSO-d 6 ) 5 9.66,7.98 (2 m's, 1H), 7.64 (m, 2H, 
7.45 (m, 2H), 7.43 (m, 2H), 7.33 (m, 1H), 7.18 (m, 4H), 7.04 (m, 2H).4.40-4.00 (4 
m's, 2H), 3.72,3.60 (2 t's, 1H), 3.27-2.93 (m, 4H), 2.86 (m, 2H), 2.34 (m, 1H), 1.97 
(m, 1 H), 1 .25 (m, 1 H), 0.86 (2 d's, 3H). MS (FAB -) m/e 472 (M-H). 

25 Example 42 

na.2p.3p.4aV1-(N-Benzvl-N-fr4S*.5S*>-f4 -acetoxv-5-methvn-6- 

phenvlhexyna minocarbonvl)cvclobutane-2.3.4-tricarboxvlic acid 

Example 42A 

30 svn -n-Methvl-2-hvdroxv> -5-benzvloxvpentvlDhenvl ketone 

TiCU (1.0 M solution in CH2CI2, 16.8 mL) was added dropwise to a 
-78 °C solution of propiophenone (2.05 g, 15.2 mmol) in 77 mL of CH2CI2. 
After 5 minutes at -78 °C, Et 3 N (2.3 mL, 16.8 mmol) was added, and the 
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reaction mixture was stirred at -78 °C for 0.5 hours. 4-Benzyloxybutyraldehyde 
(3.0 g, 16.8 mmol), prepared by the method described in Heterocycles 2£(2): 
663, (1989), was added dropwise, neat. The reaction mixture was stirred for 0.5 
hours at -78 °C and then quenched by the addition of 50% saturated NH4CI 

5 solution. The solution was warmed to room temperature and extracted with 
CH2CI2. The combined organic extracts were washed with saturated NaCI 
solution, dried (MgSC>4), filtered, concentrated, and flash chromatographed on 
silica gel eluting with 85:15 hexane-ethyl acetate to afford the title compound 
(3.67 g) as a clear oil. 1H NMR (300 MHz, CDCI3) 8 1.28 (d, 3H), 1.60 (t, 3H), 

10 1.67-1.88 (m, 2H), 3.52 (m, 3H), 4.03 (m, 1H), 4.51 (s, 2H), 7.32 (s, 5H), 7.48 (t, 
2H), 7.59 (t, 2H), 7.95 (d, 2H). MS (DCI/NH3) m/e 313 (M+H)+. 



Example 42B 

svn -M-Methvl-2-acet oxv^-5-benzvloxyDentvlDhenvl ketone 
15 Acetic anhydride (1.1 mL, 1 1.7 mmol) was added dropwise to a 0 °C 

solution of the compound resulting from Example 42A and a catalytic amount of 
DMAP in 1 00 mL of CH2CI2. The reaction mixture was stirred for 24 hours at 
room temperature, then 0.1 N HCI was added. The mixture was extracted with 
CH2CI2 (3x). The combined organic layers were washed with saturated NaCI 
20 solution, dried (MgSCU), filtered, and concentrated to afford the title compound 
(2.9 g) as a colorless oil. 1 H NMR (300 MHz, CDCI3) 8 1.21 (d, 3H), 1.58-1.75 
(m, 4H), 2.00 (s, 3H), 3.42 (t, 2H), 3.65 (m, 1H), 4.46 (s, 2H), 5.30 (m, 1H), 7.30 (t, 
5H), 7.47 (t, 2H), 7.58 (t, 1H), 7.90 (m, 2H). MS (DCI/NH3) m/e 386 (M+NH 4 )+ 



25 Example 42C 

Benzvl-fsw7 •(4-acetoxv-5-m ethvh-6-hvdroxv-6-Dhenvnhexvl ether 
A solution of the compound resulting from Example 45B (0.5 g, 1 .4 mmol), 
CeCIs ■ 7H2O, and 5 mL of MeOH was stirred at 0 °C as NaBH* (0.16 g, 4.2 
mmol) was added portionwise. The reaction mixture was stirred at 0 °C for 0.25 
30 hours, then 25 mL of 3 H HCI was added (cautiously), followed by the addition of 
saturated NaCI solution. The solution was extracted with ether (3x). The 
combined organic layers were washed with saturated NaCI solution, dried 
(MgSOiO, filtered, and concentrated in vacuo to afford the title compound (0.5 g) 



WO 96/33 159 




PCTAJS96/05529 



-93- 

as a colorless oil (as a mixture of diastereomers). 1 H NMR (300 MHz, CDCI3) 8 
0.60 (d, 1.5H), 0.97 (d, 1.5 H), 1.57-1.74 (m, 4H), 1.85-1.98 (m, 1H), 2.02 (s, 
1.5H), 2.15 ( s, 1.5H), 3.45 (t, 1H), 3.51 (m, 1H), 4.12 (dd, 0.5H), 4.50 (d, 2H), 
4.75 (m, 0.5H), 4.90 (m, 0.5H), 5.43 (m, 0.5H), 7.32 (m, 10H). MS (DCI/NH3) m/e 
5 374 (M+NH 4 ) + . 

Example 42P 

Benzvl \svn -f4-a cetoxv-5-methvh-6-trifluoroacetoxv-6-phenvnhexvl ether 
Trifluoroacetic anhydride (0.2 mL, 1.4 mmol) was added dropwise to a 

10 0 °C solution of the compound resulting from Example 42C (0.5 g, 1 .4 mmol), 
pyridine (0.11 mL), and 7 mL of CH2CI2. The reaction mixture was stirred at 
0 °C for 4.5 hours then quenched with 0.1 N HCI and extracted with CH2CI2 
(3x). The combined organic layers were washed with 0.1 U HCI, dried (MgSC>4), 
filtered, and concentrated in vacuo to afford the title compound (0.59 g) as a 

15 colorless oil (as a mixture of diastereomers). 1 H NMR (300 MHz, CDCI3) 8 0.78 
(d, 1.5H), 1.10 (d, 1.5H), 1.50 (m, 1H), 1.64 (m, 2H), 1.78 (m, 1H),2.02(d, 3H), 
2.32 (m, 1H), 3.39 (t, 1H), 3.50 (m, 2H), 4.98 (d, 2H), 4.67 (m, 0.5H), 5.29 (m, 
0.5H), 5.52 (d, 0.5H), 5.78 (d, 0.5H), 7.30 (m, 10H). MS (DCI/NH3) m/e 470 
(M+NH 4 ) + . 

20 

Example 42E 

svn -M-Acetox y-5-methyn-6-phenvl-1 -hexanol 
A mixture of the compound resulting from Example 42D (0.59 g, 1.3 
mmol), anhydrous 10% Pd/C (0.16 g) and 50 mL of EtOAc was hydrogenated in 

25 a Parr shaker at room temperature for 39 hours. The mixture was filtered and 
concentrated in vacuo , and the residue was flash chromatographed on silica 
gel eluting with 8:2 hexane-EtOAc to afford the title compound (0.18 g) as a 
colorless oil. ^H NMR (300 MHz, CDCI3) 5 0.89 (d, 3H), 1.45-1.60 (m, 3H), 1.69 
(m, 2H), 2.00 (br s, 1H), 2.09 (s, 3H), 2.33 (dd, 1H), 2.77 (dd,1H), 3.64 (t, 2H), 

30 4.92 (m, 1 H), 7.08-7.22 (m, 2H), 7.28 (m, 3H). MS (DC!/NH 3 ) m/e 268 
(M+NH 4 )+. 
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Example 42F 
1 -Wo-syr) -r4-acetoxy-5-methvh- 6-Dhenvlhexane 
A solution of the compound resulting from Example 42E (0.33 g, 1.39 
mmol), and 9.2 ml_ of anhydrous CH3CN was stirred at room temperature as the 
following was added sequentially: imidazole (0.24 g, 3.5 mmol), 
triphenylphosphine (0.40 g, 1 .5 mmol) and iodine (0.39 g, 1 .5 mmol). The 
reaction mixture was stirred at room temperature for 1.25 hours, then H2O was 
added, and the mixture was extracted with CH2CI2. The combined organic 
layers were washed with saturated sodium thiosulfate solution followed by 
saturated NaCI solution, dried (MgS0 4 ), filtered, and concentrated/n vacuo to 
afford a white solid. The solid was triturated with hexane (3x), decanting after 
each. The hexane layers were combined, concentrated in vacuo , and flash 
chromatographed on silica gel eluting with 95:5 hexane-EtOAc to afford the title 
compound (0.38 g) as a colorless oil. 1 H NMR (300 MHz, CDCI 3 ) 5 1 .55 (s, 3H), 
1.70 (t, 2H), 1.75-1.86 (m, 2H), 1.99 (m, 1H), 2.09 (s, 3H), 2.34 (dd, 1H), 2.77 (dd, 
1H), 3.20 (t, 2H), 4.90 (m, 1H), 7.10-7.22 (m, 3H), 7.28 (m, 2H). MS (DCI/NH3) 
m/e 378 (M+NH 4 ) + . 

Example 42Q 

N-fBanzvh-N-rt-btitnxvcarbonvn -N-rtsyn -4-acetoxv-5-methvh-6- 

p henylhexyr|amine 
A solution of N-benzyl-N-t-butoxycarbonylamine (0.22 g, 1.05 mmol), 
prepared by the method described in J. Heterocyclic Chem. 22(5), 1173 (1985), 
and 0.45 mL of anhydrous DMF was added dropwise to a 0 °C suspension of 
NaH (0.043 g 1.05 mmol, 60% dispersion, hexane washed) and 1.7 mL of 
anhyrous DMF. The sodium salt was formed for 0.5 hours at room temperature, 
then a solution of the compound resulting from Example 42F (0.38 g, 1.05 mmol) 
and 0.5 mL of anhydrous DMF was added dropwise. The reaction mixture was 
stirred for 2 days at room temperature. Ice water was added and the solution 
was extracted (3x) with ethyl acetate. The combined organic layers were 
washed with H2O, cold 0.1 N HCI, and saturated NaCI solution, dried (MgS0 4 ), 
filtered, and concentrated in vacuo to afford the title compound (0.46 g) as a 
colorless oil. 1 H NMR (300 MHz, CDCI3) 8 0.82 (d, 3H), 1 .39-1 .57 (m, 13H), 
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1.92 (brs, 1H), 2.06 (s, 3H), 2.30 (dd, 1H), 2.72 (dd, 1H), 3.18 (brd, 2H), 4.29- 
4.49 (m, 2H), 4.85 (s, 1 H), 7.10 (d, 2H), 7.19-7.38 (m, 8H). MS (DCI/NH 3 ) m/e 
440 (M+H)+, 457 (M+NH 4 ) + . 

5 Example 42H 

N-Benzvl-N-ff s\m-4-acetoxv-5-methvl>-6-Dhenvlhexvnamine 
Trifluoroacetic acid (7.7 mL) was added to a 0 °C solution of the 
compound resulting from Example 42G (0.46 g, 1 .07 mmol) and 7.7 mL of 
CH2CI2. The reaction was stirred for 0.5 hours at 0 °C and for 1.5 hours at room 

10 temperature. The solvent was evaporated in vacuo, toluene was added and 
evaporated/n vacuo (2x). Amberlite resin (IRA-400-OH, 0.5 g, washed 
successively with H2O, EtOH, ether, and dried) and 15 mL of CH2CI2 was 
added, and the suspension was stirred for 18 hours at room temperature. The 
suspension was filtered and concentrated in vacuo to afford the title compound 

15 (0.33 g) as a colorless oil. 1 H NMR (300 MHz, CDCI3) 8 0.85 (d, 3H), 1 .58 (m, 
4H), 1.95 (s, 1H), 2.07 (s, 3H), 2.31 (m, 2H), 2.68 (s, 1H), 2.74 (dd, 2H), 3.82 (s, 
2H), 4.85 (m, 1H), 7.08-7.22 (m, 3H), 7.28 (m, 3H), 7.37 (m, 4H). MS (DCI/NH3) 
m/e 340 (M+H)+. 

20 Example 42! 

( 1 g.2p.3p.4 ^-4-{N-Benzvl-N-fsvn -(4-acetoxv-5-methvl)-6- 
phenvlhexvljaminocarbonvltevclobutane-l ^.S-tricarboxvlic acid 1 .3- dibenzvl 

ester 

A solution of dicyclohexylcarbodiimide (0.19 g, 0.94 mmol) and 1.0 mL of 
25 DMF was added to a solution of (ia,2p\3p,4a)-cyclobutanetetracarboxylic acid 
1 ,3-dibenzyl ester (0.39 g, 0.94 mmol), the compound resulting from Example 
42H (0.32 g, 0.94 mmol), 1 -hydroxybenzotriazole hydrate (0.13 g, 0.94 mmol), 
and 4.0 mL of DMF. The reaction mixture was stirred for 18 hours at room 
temperature. EtOAc was added and the solid removed by filtration. The filtrate 
30 was washed with 1 i± HCI, H2O and saturated aqueous NaCI solution, dried 
(MgSCU), filtered and concentrated in vacuo to afford a yellow oil which was 
purified by flash chromatography on silica gel eluting with 97:2.5:0.5 CHCI3- 
MeOH-acetic acid to afford the title compound (0.19 g) as a colorless oil. 1 H 
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NMR (300 MHz, CDCI 3 ) 8 1.32-1.58 (m, 4H), 1.92 (m, 1H), 2.05 (d, 3H), 2.30 (m, 
1H), 2.39 (s, 3H), 2.70 (m, 1H), 3.20 (m, 1H), 3.61-3.90 (m, 4H), 4.10 ( m, 2H), 
5.15 (m, 4H), 7.10 (m, 3H), 7.19 (t, 6H), 7.30 (m, 1 1H). MS (FAB) m/e 734 
(M+H)+. 

5 

Example 42J 

(1n.2p.3p.4fx)-4-{N-Benzvl-N -rf4S*.5S^-r4-acetoxv-5-methvn-6- 
phenvlhexvnaminocarbon vl)cvclobutane-1 .2.3-tricarboxvlic acid 
The compound resulting from Example 42I (0.06 g, 0.08 mmol) was 
10 hydrogenated over a catalytic amount of Pd/C using a hydrogen balloon. The 
reaction mixture was filtered, the solvent evaporated and the residue flash 
chromatagraphed eluting with 94:5:1 CHCb-MeOH-AcOH to afford the title 
compound (3.7 mg) as a white powder. 1 H NMR (300 MHz, CD3OD) 8 0.85 (m, 
3H), 1.20 (s, 2H), 1.55 (m, 2H), 2.02 (m, 2H) 2.19-2.28 (m, 1H), 2.62-2.72 (m, 
15 1H), 3.08 (m, 2H), 3.18 (m, 2H), 3.5-3.72 (m, 3H) 4.90 (s, 2H), 7.06-7.17 (t, 8H), 
7.20-7.38 (m, 12H). MS (FAB) m/e 554 (M+H)+. 

Example 43 

Ma.2p.3p.4^-4-fN-ProDvl-N-rf4S».5S»V(5-methvl-4-naDhthovloxvV6- 
20 phenvlhexvnaminocarbonv l>cyclobutane-1 .2.3-tricarboxvlic acid 

Example 43A 

^4S*.5S*Vf1-Methvl-2-f2-n a phthovloxy^-5-benzvlo xypentvlphenyl ketone 
A mixture of the compound resulting from Example 42A (4.1 g, 13.1 

25 mmol), 2-naphthoic acid (2.4 g, 14.3 mmol), EDAC (5.3 g, 27 mmol), D MAP (3.4 
g, 27 mmol), and 1 10 mL of anhydrous THF was stirred at room temperature for 
18 hours. The THF was evaporated in vacuo, and water was added to the 
residue. The mixture was extracted with EtOAc, and the combined organic 
extracts were washed with saturated sodium bicarbonate, 1 N HCI, and 

30 saturated sodium chloride solution, dried over MgS04, filtered, and 

concentrated in vacuo. The crude product was purified by flash chromatography 
on silica gel eluting with 95:5 hexane-ethyl acetate to afford the title compound 
(3.3 g) as a colorless oil. 1 H NMR (300 MHz, CDCI3) 8 1.35 (d, 3H), 1.72 (m, 
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2H), 1.88 (m, 2H), 3.48 (t, 2H), 3.97 (m, 1H), 4.45 (s, 2H), 5.62 (m, 1H), 7.28 (m, 
5H), 7.4 (t, 3H), 7.50-7.60 (m, 3H), 7.80-8.00 (m, 6H), 8.45 (s, 1H). MS 
(DCI/NH3) m/e 484 (m+NH 4 ) + . 

.5 Example 43B 

Benzyl-{syn-r5-methvl-4-f2-naphthoyloxv^-6-hvdroxv-6-phenvl)hexvl ether 
Using the compound resulting from Example 43A and the procedure 
described for Example 42C afforded the title compound as a mixture of 
. diastereomers. ""H NMR (300 MHz, CDCI3) 6 0.82 (d, 1 .5H), 1 .20 (d, 1 .5H), 1 .60- 
10 2.00 (m, 4H), 2.02-2.28 (m, 2H), 3.42-3.60 (m, 2H), 3.77 (d, 0.5H), 4.25 (dd, 2H), 
4.50 (d, 2H), 5.20 (m, 0.5H), 5.80 (m, 0.5H), 7.21-7.42 (m, 10H), 7.54-7.68 (m, 
2H), 7.85-8.15 (m, 4H), 8.60 (d, 1H). MS (DCI/NH3) m/e 486 (M+NH 4 )+. 

Example 43C 

15 Benzvl Isvn -r5-methvl-4-f 2-naphthovloxy^-6-trifluoroacetvloxv-6-Dhenvnhexvl 

ether 

Using the procedure described for Example 42D and the compound 
resulting from Example 43B afforded the title compound as a mixture of 
diastereomers. 1 H NMR (300 MHz, CDCI3) 8 0.82 (d, 1.5H), 1.30 (d, 1.5H), 
20 1.51-1.68 (m, 1H), 1.68-2.05 (m, 3H), 2.49 (m, 1H), 3.38-3.45 (dt, 1H), 3.48-3.60 
(m, 1H), 4.48 (d, 2H), 4.98 (dt, 0.5 H), 5.56 (d, 0.5 H), 5.65 (m, 0.5H), 5.90 (d, 0.5 
H), 7.20-7.40 (m, 10H), 7.52-7.68 (m, 2H), 7.86-8.08 (m, 4H), 8.55 (d, 1H). MS 
(DCI/NH3) m/e 482 (M+NH 4 )+. 

25 Example 43D 

svn -f5-Methvl-4-(2- naphthovloxv^-6-phenvl-1-hexanol 
A mixture of the compound resulting from Example 43C (0.43 g, 0.76 
mmol), PdOH (43 mg) and 12 mL of MeOH was hydrogenated at room 
temperature for 18 hours using a hydrogen balloon. The reaction mixture was 
30 filtered and concentrated in vacuo. The crude product was flash 

chromatagraphed on silica gel eluting with 9:1 hexane-ethyl acetate to afford the 
title compound (0.1 1g) as a colorless oil. 1 H NMR (300 MHz, CDCI3) 8 1.06 (d, 
3H), 1.67 (m, 2H), 1.78-1.96 (m, 3H), 2.19 (m, 1H), 2.48 (dd, 1H), 2.90 (dd, 1H), 



WO 96/33155*- PCT/OS96/05529 



-98- 

3.70 (q, 2H), 5.25 (m, 1 H), 7.15 (m, 3H), 7.25 (m, 2H), 7.60 (m, 2H), 7.90 (d, 2H), 
7.99 (d, 1H), 8.10 (dd, 1H), 8.61 (s, 1H). MS (DCI/NH3) m/e 380 (M+NH4)+. 

Example 43E 

5 .wn-[5-MBthyl-4-f2-naDhth r>ylnxyM-6-Dhenvl-1-methanesulfonvlhexanol 

Using the procedure described in Example 42F and the product resulting 
from Example 43D afforded the title compound. 1 H NMR (300 MHz, CDCI3) 6 
1.08 (d, 3H), 1.85 (m, 4H), 2.18 (m, 1H), 2.48 (dd, 1H), 2.85 (dd, 1H), 2.98 (s, 
3H), 4.28 (m, 2H), 5.25 (m, 1H) 7.15 (m, 4H), 7.28 (m, 1 H), 7.60 (m, 2H), 7.90 (d, 

10 2H), 8.0 (d, 1H), 8.08 (dd, 1H), 8.60 (s, 1H). MS (DCI/NH3) m/e 458 (M+NH 4 )+ 

Example 43F 

rsl-{.wn-[5-Methvl-4. t p-naDhthovlo xy^-6-Dhenvl-1-hexvl)-N-proPVlamine 
A solution of the compound resulting from Example 43E (0.1 g, 0.23 

15 mmol), n-propylamine (0.029 mL, 0.35 mmol), diisopropylethylamine (0.044 mL, 
0.25 mmol) and 1.0 mL of CH3CN was stirred at 90 °C for 3 hours. The reaction 
mixture was concentrated in vacuo, and the resultant residue was flash 
chromatagraphed on silica gel eluting with 9:1 hexane-ethyl acetate saturated 
with NH3 to provide the title compound (0.05 g) as a colorless oil. 1 H NMR (300 

20 MHz, CDCI3) 8 0.09 (t, 3H), 1 .04 (d, 3H), 1 .46 (q, 2H), 1 .58 (q, 2H), 1 .68-1 .92 (m. 
2H), 2.15 (m, 1H), 2.45 (dd, 1H), 2.54 (t, 2H). 2.61 (t, 2H), 2.90 (dd, 1H), 5.22 (m, 
1H), 7.15 (q. 3H), 7.25 (m, 2H), 7.60 (m, 2H), 7.90 (d, 2H), 7.98 (d, 1H), 8.10 (dd, 
1H), 8.60 (s, 1H). MS (DCI/NH3) m/e 404 (M+H)+. 

25 Example 43G 

M re .2p.3fl.4^-Oynlnbutanetet rararbpxvlic acid-1 .2.3-tribenzvl ester 
A suspension of (1a,2B,3p,4a)-cyclobutanetetracarboxylic acid 1,3- 
dibenzyl ester (2.5 g, 6.1 mmol), benzyl alcohol (0.42 mL, 4.1 mmol), EDAC 
(1.19 g, 6.1 mmol), DMAP ( 0.77 g, 6.1 mmol), and 61 mL of anhydrous THF was 
30 stirred at room temperature for 6 hours. The THF was evaporated in vacuo, and 
the residue was dissolved in methylene chloride. The solution was washed with 
1 N HCI and saturated NaCI solution, dried (MgS04), filtered, and concentrated 
in vacuo. The crude product was flash chromatagraphed on silica gel eluting 
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with 98:1 .5:0.5 CHCb-MeOH-AcOH to provide the title compound (1 .27g) as a 
white solid. 1H NMR (300 MHz, CDCI 3 ) 5 3.84 (m, 4H), 5.00 (m, 6H), 7.30 (m, 
15H). MS (FAB) m/e 503 (M+H)+. 

5 Example 43H 

Hnt.2p.3B.4 ( xM-(N-ProDvl-N-rf 4S*.5S^-(5-methvl-4-na P hthovloxv)-6- 
phenvlhexyl)aminocarbonvl)cvcl obutane-1 .2.3-tricarboxvlic acid tribenzvl ester 

A mixture of the compound resulting from Example 43F (0.12 g, 0.31 
mmol), the compound resulting from Example 43G (0.17 g, 0.34 mmol), EDAC 
10 (66 mg, 0.34 mmol), DMAP (42 mg, 0.34 mmol), and 3.1 mL of anhydrous THF 
was stirred for 1 8 hours at room temperature. The reaction mixture was diluted 
with methylene chloride and washed with saturated sodium bicarbonate, 0.5 N 
HCI, and saturated sodium chloride solution, dried (MgS04), filtered and 
concentrated in vacuo. The product was purified by flash chromatography 
15 eluting with 9:1 hexane-ethyl acetate to afford the title compound (0.10 g) as a 
colorless oil. NMR (300 MHz, CDCI3) 5 0.068-0.082 (m, 3H), 1.02 (d, 3H), 
1.38 (m, 2H), 1.55 (m, 2H), 1.80 (m, 2H), 2.10 (m, 1H), 2.42 (t, 1H), 2.80-3.32 (m, 
6H), 3.70-4.08 (m, 4H), 4.81-5.10 (m, 6H), 7.08-7.35 (m, 15H), 7.58 (m, 2H), 
7.82-8.1 2 (m, 4H), 8.60 (dd, 1 H). MS (FAB) m/e 926 (M+K)+. 

20 

Example 43! 

na.2p.3B.4a^4-(N-Propv|.N-r(4S».5S*)-(5-methvl-4-naDhthovloxv)-6- 
phenylhexyl]aminocarbonyl\cyclobuta ne-1 .2.3-tricarboxylic acid 
Using the procedure described for Example 42E and the product 
25 resulting from Example 43H provided the title compound. 1 H NMR (300 MHz, 
CDCI3) 6 0.069-0.095 (m, 3H), 1.05 (t, 3H), 1.38-1 .88 (m, 6H) 2.10 (m, 1H), 2.45 
(m, 1H), 2.80 (m, 1H), 3.0 (m, 2H), 3.22 (m, 2H), 3.75 (m, 2H), 3.95 ( m, 2H), 
5.02-5.25 (m, 1H), 7.05 (t, 3H), 7.22 (q, 2H), 7.58 (m, 2H), 7.88 (m, 2H), 7.92 (t, 
1H), 8.05 (d, 1H), 8.60 (s, 1H). MS (FAB) m/e 618 (M+H)+. 
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Eyampte 44 

M«P^ap.4^-4-fN -Propvl-N-r(m-6-m6thvl-9-Dh8nvl-fEM- 
nnnQnyl]aminor arhonyncvclohiJtan6-1 .2.3-tricarbOXVlic acid 

Example 44A 

(.)-N-Propvl-N-rfR\-6-methvl-9 -phenvl-fEM-nonenvnamine 
Using the procedure described in Example 43F and the compound 
resulting from Example 45B afforded the title compound. 1 H NMR (300 MHz, 
CDCI3) 6 0.095 (m, 6H), 1.30 (m, 2H), 1.36-1.54 (m, 3H), 1.60 (m, 4H), 2.05 (m, 
3H), 2.54-2.65 (m, 6H), 5.20-5.40 (m, 2H), 7.18 (d, 6H), 7.28 (t, 2H). MS 
(DCI/NH3) m/e 274 (M+H)+ 

Example 44B 

Mft.2ft.3p.4pM-{NI-Propvl-N-r mV6-methvl-9-Phenvl-fE)-4- 
nonenyl1aminocarbonvl)c yclobutane-1.2.3-tricarboxvlic acid tribenzyl ester 
Using the procedure described in Example 43H and the compound 
resulting from Example 44A provided the title compound. 1 H NMR (300 MHz, 
CDCI3) 6 0.080 (m, 3H), 0.095 (t, 3H), 1.30 (m, 2H), 1.45 (m, 4H), 1.58 (m, 2H), 
1.90 (m, 2H), 2.05 (m, 1H), 2.58 (q, 2H), 2.88-3.25 (m, 4H), 3.71-3.95 (m, 3H), 
4.05 (dd, 1H), 4.85-5.15 (m, 6H), 5.25 (m, 2H), 7.17 (m, 3H), 7.30 (m, 17 H). MS 
(FAB) m/e 758 (M+H)+. 

Example 44C 

/1rtgft.3p.4R^-4-{N.ProDvl-N-rf R^-fi-m6thvl-9-Dhenvl-(EM- 
nonenvllaminnnarhpnvllcvc lohutane-1 .2.3-tricarboxvlic acid 
Using the procedure described for Example 45E with the compound 
resulting from Example 44B provided the title compound. 1 H NMR (300 MHz, 
CDCI3) 6 0.085 (m, 3H), 0.095 (t, 3H), 1.80 (m, 2H), 1.58 (m, 6H), 1.95 (m, 2H), 
2.19 (m, 1H), 2.08 (t, 2H), 3.01-3.45 (m, 4H), 3.79 (t, 2H), 4.00 (m, 2H), 5.30 (m, 
2H), 7.12 (m, 3H), 7.25 (m, 2H). MS (FAB) m/e 488 (M+H)+. 
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Example 45 

n«.2«.3p.4^-4-fN-Ben7vl.N-fm^-6-methvl-9-Dhenvl-rE^-4- 
nonenvnaminocarbonvl)cvclobutane-1 .2.3-tricarboxylic acid 

Example 45A 

M-(Rl-6-Methvl-9-phenvl-(El-4-nonenol 
A solution of (-)-(R)-6-methyl-9-phenyl-(E)-4-nonenoic acid ethyl ester, 
prepared by the procedure described in J. Org. Chem., 59(8), 2253 (1994), (1.0 
g, 3.8 mmol) and 7.9 mL of anhydrous THF was added dropwise to a 0°C 
suspension of LAH (0.03 g, 7.9 mmol) and 7.9 mL of anhydrous THF. The 
reaction mixture was stirred for 2 hours at 0 °C and for 1 hour at room 
temperature. After cooling again to 0 °C, 1 .2 mL of MeOH was added slowly. 
The mixture was stirred for 0.25 hours at room temperature, then concentrated in 
vacuo. Saturated aqueous Rochelle's salt was added, and the mixture was 
extracted with isopropyl acetate. The organic layer was dried over MgS04, 
filtered, and concentrated in vacuo to provide the title compound (0.84 g) as a 
colorless oil. 1H NMR (300 MHz, CDCI 3 ) 6 0.095 (d, 3H), 1.21-1.38 (m, 3H), 
1.51-1.70 (m, 4H), 2.02-2.15 (m, 3H), 2.58 (t, 2H), 3.65 (q, 2H), 5.23-5.45 (m, 
2H), 7.18 (m, 3H), 7.28 (m, 2H). MS (DCI/NH3) m/e 250 (M+NH 4 ) + . 

Example 45B 

r-)-mV6-Met hyl-9-phsnyl-1-methanesulfonvl-(EV4-nonenol 
Using the procedure described for Example 42F and the compound 
resulting from Example 45A provided the title compound. 1 H NMR (300 MHz, 
CDCI3) 8 0.095 (d, 3H), 1.30 (t, 2H), 1.58 (m, 1H), 1.80 (m, 2H), 2.20 (m, 3H), 
2.58 (t, 2H), 2.98 (s, 3H), 4.20 (t, 2H), 5.30 (m, 2H), 7.18 (m, 3H), 7.28 (m, 2H). 
MS (DCI/NH3) m/e 328 (M+NH 4 ) + . 
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Example 45C 

(-\-N-Benzvl-N-[fR )-R-mflthyl-9-nhenvl-fE)-4-nQn9nvnam'n9 
Using the procedure described for Example 43F, but substituting 
benzylamine for propylamine and using the compound resulting from Example 
45B, provided the title compound. 1H NMR (300 MHz, CDCI 3 ) 8 0.095 (d, 3H), 
1.30 (t, 2H), 1.40 (s, 1H), 1.60 (m, 4H), 2.05 (m, 3H), 2.60 (m, 4H), 3.78 (s, 3H), 
5.20-5.40 (m. 2H). 7.16 (m, 3H), 7. 25 (m, 3H), 7.32 (m, 4H). MS (DCI/NH3) m/e 
322 (M+H)+. 

Example 45D 

(1»9fYap-4RM-{ ^l-Rftn7vl.N-^fR^-fi-methvl■9-Dhenvl-(E)-4- 
nonenvnamipnr. a rhQnvllcv r .»nh.jtane-1.2.3-tricarboxvliC acid trifrenzvl ester 
Using the procedure described in Example 43H with the product resulting 
from Example 45C provided the title compound . \H NMR (300 MHz, CDCI3) 6 
0.095 (dd, 3H), 1.28 (q. 2H), 1.48 (m, 4H), 1.82 (s, 1H), 1.92 (s, 1H), 2.55 (q, 2H), 
3.00-3.22 (m, 2H), 3.65-4.12 (m, 4H), 4.45 (m, 2H), 4.82-5.28 (m, 8H), 7.00 (s, 
1H), 7.1 1-7.41 (m, 24H). MS (FAB) m/e 806 (M+H)+ 

Fyample 45E 

MfYgfY.3R.4BM-{N-Ben2vl-N -fm^-fi.methvl-9-Dhenvl-fEM- 
nnnftnviiaminoc a rhnnyncvciobutane-1 .2.3-tricarbpxviic acid 
A solution of the compound resulting from Example 45D (0.27 g, 0.34 
mmol), 1 .3 mL 1 M NaOH, and 5 mL THF was stirred at room temperature for 18 
hours. 1 M HCI (2mL) was added, and the mixture was extracted with methylene 
chloride. The organic layer was washed with saturated NaCI, dried over 
MgS0 4 , filtered, concentrated in vacuo , and purified by flash chromatography 
on silica gel eluting with 94:5:1 CHCI 3 -MeOH-AcOH to provide the title 
compound (10.2 mg) as a white powder. 1H NMR (300 MHz, DMSO-d 6 ) 5 0.088 
(m, 3H), 1.20 (m, 2H), 1.50 (m, 3H), 1.90 (m, 2H), 2.05 (m, 1H), 2.75-3.20 (m, 
9H), 4.18-4.42 (m, 1H), 4.62-4.78 (m, 1H), 5.15-5.38 (m, 2H), 7.15 (d, 3H), 7.25 
(t, 6H), 7.30 (q, 1H). MS (FAB) m/e 558 (M+Na)+. 



WO 96/33159 



PCT/US96/05529 



-103- 

Example 46 

Mp.2a.3a.4p>-4-fNI-l2S.3R )-4-f3.4-dichloroDhenvn-3-f2-naDhthovloxv)-2- 
butyl)aminoca rbonyncvclobutane-1 .2.3-tricarboxvlic acid 
The title compound was prepared by the procedures described in 
Example 1 using N-(3,4-dichlorbenzyl)-N-(4-phenoxybenzyl) amine in place of 
N-benzyl-N-(4-phenoxybenzyl)amine. 1 H NMR (DMSO-d6, 300 MHz) 8 3.50 
(m, 4H), 4.00-4.90 (m, 4H) 6.80 - 7.45 (m, 12H), 7.65 (m, 1H), 7.80 (m, 1H). MS 
(FAB)+ m/e 572 (M+H) + and (FAB)' m/e 570 (M-H)-- 

The following compounds can be prepared according to the methods 
described in the previous examples. 

Ex. No. Name 

47 (1 S,2S,3S,4S)-2,3-Di(benzyloxycarbonyl)-4-[N-{(2S,3R)- 
4-(4-chlorophenyl)-3-(4-biphenylyl)-2- 
butyl}aminocarbonyl]cyclobutane-1 -carboxylic acid; 

48 (1 R,2R,3R,4R)-2,3-Di(benzyioxycarbonyl)-4-[N-{(2S I 3R)- 
4-(4-chlorophenyl)-3-(4-biphenylyl)-2- 
butyl}aminocarbonyl]cyclobutane-1 -carboxylic acid; 

49 (1 S,2R,3R,4R)-3-Methoxycarbonyl-4-[N-{(2S,3R)-4-(4- 
chlorophenyl)-3-(4-biphenylyl)-2- 
butyl}aminocarbonyl]cyclobutane-1 ,2-dicarboxylic acid; 

50 (1 R,2S.3S,4S)-3-Methoxycarbonyl-4-[N-{(2S,3R)-4-(4- 
chlorophenyl)-3-(4-biphenylyl)-2- 
butyl}aminocarbonyl}cyclobutane-1 ,2-dicarboxy|ic acid; 

51 (1 R,2S,3S,4S)-4-[N-{(2S,3R)-4-(4-chlorophenyl)-3-(4- 
biphenylyl)-2-butyl}aminocarbonyl]cyclobutane-1,2,3- 

tricarboxylic acid; 

52 (lS,2S,3S,4S)-3-Methoxycarbonyl-4-[N-{(2S,3R)-4-(4- 
chlorophenyl)-3-(4-biphenylyl)-2- 
butyl}aminocarbonyl]cyclobutane-1 ,2-dicarboxylic acid; 
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53 (1 a,2p,3P,4a)-2-Caroomethoxy-4-[N-{(2S,3R)-4-(4- 
chlorophenyl)-3-(4-biphenylyl)-2- 
butyl}aminocarbonyl]cyclobutane-1 ,3-dicarboxylic acid; 

54 (1 p,2a,3a,4p)-2-Carbomethoxy-4-[N-{(2S,3R)-4-(4- 
chlorophenyl)-3-(4-biphenylyl)-2- 
butyl}aminocarbonyl]cyclobutane-1 ,3-dicarboxylic acid; 

and 

55 (1 p,2p,3a)-3-[N-{(2S,3R)-4-(4-chlorophenyl)-3-(4- 
biphenylyl)-2-butyl}aminocarbonyl]cyclobutane-1,2- 
dicarboxylic acid. 



Inhibition of Squalene Synthase 
In vitro inhibition of squalene synthase may be measured by the 

5 following procedure. 

Rat liver microsomal squalene synthase activity was measured using 
radioactive famesyl diphosphate as a substrate and quantitating squalene 
synthesis by counting the radioactive squalene formed. 

Rat liver microsomes, the source of enzyme, were prepared according to 

10 the method of Gillies, P. J., et al., Exp. Mole. Pathol. 44: 329-339 (1986), a 

modification of the procedure of Erickson, S. K., and Cooper, A. D., Metabolism, 
29: 991-996 (1980). Approximately 30 ug of microsomal protein was incubated 
for 10 minutes at 37 °C with 5-11 hM of 3 H-farnesyl diphosphate, 49 
mCi/mmol, and test compound in the presence of squalene (2 u.L), Mg++, KF, 

15 reduced B-nicotinamide adenine dinucleotide phosphate, dithiothreitol, and 
K 2 P04, pH 7.35, in a total volume of 200 u.L Oxygen was excluded from the 
closed incubation tube by degassing with nitrogen. The reaction was 
terminated by the addition of ethanolic KOH and after degassing with N 2 , the 
microsomal membranes were solubilized by heating at 60 °C for 30 minutes. 

20 The squalene was extracted into hexane, and the squalene was separated 
from all other radioactive molcules by passage over an activated alumina 
column. The solution was collected in scintillation vials, evaporated to dryness, 
liquid scintillation fluid was added, and the radioactivity was determined in a 
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liquid scintillation counter. The per cent inhibition at a dose of 1 ^iM compared 
to controls with no test compound was determined. The % inhibition values for 
the compounds of the invention are shown in Table 1 . The data show that 
compounds of the invention are inhibitors of squalene synthase. 



Table 1 

10 In vitro Inhibition of Squa lene Synthase 



Example No. 


% Inhibition at 


Example No. 


% Inhibition at 
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35 
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34 


94 


35 


47 
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80 


43 


63 


44 


25 


45 


67 


46 


53 



* % Inhibition at 0.15 
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inhihition of Pro tein Farnesvltransferase 
in vM inhibition of protein farnesyltransferase may be measured by the 

5 following procedure. (Procedures for determination of the inhibition of 

famesylation of the oncogene protein Ras are described by Goldstein, et al., J. 
Biol. Chem., 266:15575-15578 (1991) and by Singh in United States Patent 
No. 5245061 both of which are incorporated herein by reference.) 

Rat brain protein farnesyltransferase activity was measured using an 

10 Amersham Life Science commercial scintillation proximity assay kit and 

substituting a biotin-K Ras B fragment (biotin-Lys-Lys-Ser-Lys-Thr-Lys-Cys-Val- 
lle-Met-C02H), 0.1 pM final concentration, for the biotin-lamin substrate 
provided by Amersham. The enzyme was purified according to Reiss, Y., et al., 
Cell, 62: 81-88 (1990), utilizing steps one through three. The specific activity of 

15 the enzyme was approximately 10 nmol substrate farnesylated/mg 
enzyme/hour. The percent inhibition of the famesylation caused by the 
compounds of the invention (at 10 x 10' 6 M) compared to an uninhibited control 
sample was evaluated in the same Amersham test system. The results for the 
compounds of the invention are shown in Table 2. The data show that the 

20 compounds of the invention are inhibitors of protein farnesyltransferase. 
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Table 2 

In vitro Inhibition of Protein Farnesvltransferase 



Ex. No. 


% Inhibition at 


Example No. 


% Inhibition at 




1 u.M 




1 MM 


1 


92 


J 


HO 
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99 


C 

O 


c. 1 


6 


89 


8 


79 


10 


81 


13 


55 


15 


81 


19 


99 


20 


99 


22 


27 


25 


35 


26 


52 


27 


15 


29 


49 


35 


89 


36 


95 


38 


90 


39 


97 


40 


98 


42 


93 


43 


86 


44 


78 


45 


95 


46 


97 



5 



The compounds of the present invention can be used in the form of salts 
derived from inorganic or organic acids. These salts include but are not limited 
to the following: acetate, adipate, alginate, citrate, aspartate, benzoate, 

10 benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate, 
digluconate, cyclopentanepropionate, dodecylsulfate, ethanesulfonate, 
glucoheptanoate, glycerophosphate, hemisulfate, heptanoate, hexanoate, 
fumarate, hydrochloride, hydrobromide, hydroiodide, 2-hydroxy- 
ethanesulfonate, lactate, maleate, methanesulfonate, nicotinate, 2- 

15 naphthalenesulfonate, oxalate, pamoate, pectinate, persulfate, 3- 

phenylpropionate, picrate, pivalate, propionate, succinate, tartrate, thiocyanate, 
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p-toluenesulfonate and undecanoate. Also, the basic nitrogen-containing 
groups can be quaternized with such agents as loweralkyl halides, such as 
methyl, ethyl, propyl, and butyl chloride, bromides, and iodides; dialkyl sulfates 
like dimethyl, diethyl, dibutyl, and diamyl sulfates, long chain halides such as 
decyl, lauryl, myristyl and stearyl chlorides, bromides and iodides, aralkyl 
halides like benzyl and phenethyl bromides, and others. Water or oil-soluble or 
dispersible products are thereby obtained. 

Examples of acids which may be employed to form pharmaceutical^ 
acceptable acid addition salts include such inorganic acids as hydrochloric 
acid, sulphuric acid and phosphoric acid and such organic acids as oxalic acid, 
maleic acid, succinic acid and citric acid. Basic addition salts can be prepared 
in situ during the final isolation and purification of the compounds of formula (I), 
or separately by reacting the carboxylic acid function with a suitable base such 
as the hydroxide, carbonate or bicarbonate of a pharmaceutical^ acceptable 
metal cation or with ammonia, or an organic primary, secondary or tertiary 
amine. Pharmaceutical^ acceptable salts include, but are not limited to, 
cations based on the alkali and alkaline earth metals, such as sodium, lithium, 
potassium, calcium, magnesium, aluminum salts and the like, as well as 
nontoxic ammonium, quaternary ammonium, and amine cations, including, but 
not limited to ammonium, tetramethylammonium, tetraethylammonium, 
methylamine, dimethylamine, trimethylamine, triethylamine, ethylamine, and 
the like. Other representative organic amines useful for the formation of base 
addition salts include diethylamine, ethylenediamine, ethanolamine, 
diethanolamine, piperazine and the like. 

The compounds of the formula (I) of the invention are useful (in humans 
and other mammals) for inhibiting squalene synthase. The compounds of the 
formula (I) of the invention are also useful for inhibiting cholesterol 
biosynthesis. The compounds of the formula (I) of the invention are also useful 
for treating atherosclerosis and inhibiting progression of atherosclerosis. The 
compounds of the formula (I) of the invention are also useful for treating 
hyperlipidemia. The compounds of the formula (I) of the invention are also 
useful for treating fungal infections. 
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The compounds of the formula (I) of the invention are also useful for 
treating acne in humans. Methods to demonstrate this activity, appropriate 
doses and means of administration are disclosed in PCT patent application WO 
94/22870, published October 13, 1994 which is incorporated herein by 
5 reference. 

The ability of the compounds of the formula (I) of the invention to inhibit 
cholesterol biosynthesis can be demonstrated in vivo according to the following 
method. The in vivo inhibition of cholesterol synthesis can be determined in a 
monkey model in which the monkeys are dosed, fasted overnight and bled in 

10 the morning. Plasma samples are prepared and analyzed for total cholesterol, 
HDL-cholesterol and triglycerides. 

The ability of the compounds of the formula (I) of the invention to treat 
fungal infections can be demonstrated according to the method described by S. 
Shadomy and MA Pfaller. 1991. Laboratory Studies with Antifungal Agents: 

15 Susceptibility Tests and Quantitation in Body Fluids, pp. 1 173-1 183. In 

A.Balows, WJ.Hausler,Jr., K.L.Herrmann, H.lsenberg and HJ. Shadomy, Eds. 
Manual of Clinical Microbiology, 5th Ed. American Society for Microbiology, 
Washington, D.C. The antifungal activity of squalene synthase inhibitors has 
been reported by a number of researchers including Dufresne, et aL, 

20 Tetrahedron 48/47 10221-10226 (1992) and Dawson, M.J., et al. f J. Antibiot. 
(Tokyo) 45: 639-647(1992). 

The compounds of the formula (I) or (II) of the invention are useful (in 
humans and other mammals) for inhibiting protein famesyltransferase and the 
famesylation of Ras. These inhibitors of protein famesyltransferase are also 

25 useful for inhibiting or treating cancer in humans and other mammals. 

Examples of the kinds of cancers which can be inhibited or treated with the 
compounds of the invention include, but are not limited to, carcinomas, such as 
lung, colorectal, exocrine pancreatic, cervical, esophageal, stomach, and small 
intestinal; sarcomas, such as oesteroma, osteosarcoma, lepoma, liposarcoma, 

30 hemanioma, and hemangiosarcoma; melanomas, such as amelanotic and 
melanotic; mixed types of cancers such as carcinosarcoma, lymphoid tissue 
type, follicular reticulum, cell sarcoma and Hodgkins disease; and leukemias, 
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such as myeloid, acute lymphoblastic, chronic lymphocytic, acute myioblastic 
and chronic mylocytic. 

The ability of the compounds of the formula (I) or (II) of the invention to 
inhibit or treat carcinoma can be demonstrated according to the methods 
referenced below; the determination of in vitro and in vivo anti-cancer activity of 
several different classes of compounds is described. Mazerska 2., 
Woynarowska B., Stefanska B., Borowski S., Drugs Exptl. Clin. Res. 12.(6): 345- 
351 (1987). Bissery, MC, Guenard F, Guerritte-Voegelein F, Lavelle F., Cancer 
Res. 51: 4845-4852 (1991). Rose W., Anti-cancer Drugs 3_: 31 1-321 (1992). 
Rygaard J, and Povlsen CO., Acta Pathol. Microbiol. Scand. 77: 758 (1969). 

These inhibitors of protein farnesyltransferase are also useful for treating 
or preventing restenosis in humans and other mammals. The ability of the 
compounds of the formula (I) or (II) of the invention to prevent restenosis can be 
demonstrated according to the methods described by Kranzhofer, R. et al. Circ. 
Res. Z2: 264-268 (1993), Mitsuka, M. et al. Circ. Res. 23: 269-275 (1993) and 
Santoian, E.C. et al. Circulation £B: 11-14(1993). 

For use as a lipid lowering or antifungal agent, the total daily dose 
administered to a host in single or divided doses may be in amounts, for 
example, from 0.001 to 1000 mg/kg body weight daily and more preferred from 
1 .0 to 30 mg/kg body weight daily. Dosage unit compositions may contain such 
amounts of submultiples thereof to make up the daily dose. 

For use as a chemotherapeutic agent, the total daily dose administered 
to a host in single or divided doses may be in amounts, for example, from 0.01 
to 500 mg/kg body weight daily, preferably in amounts from 0.1 to 20 mg/kg 
body weight daily and more preferably in amounts from 0.5 to 10 mg/kg body 
weight daily. Dosage unit compositions may contain such amounts of 
submultiples thereof to make up the daily dose. 

The amount of active ingredient that may be combined with the carrier 
materials to produce a single dosage form will vary depending upon the host 
treated and the particular mode of administration. 

It will be understood, however, that the specific dose level for any 
particular patient will depend upon a variety of factors including the activity of 
the specific compound employed, the age, body weight, general health, sex, 
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diet, time of administration, route of administration, rate of excretion, drug 
combination, and the severity of the particular disease undergoing therapy. 

The compounds of the present invention may be administered orally, 
parenterally, sublingually, by inhalation spray, rectally, or topically in dosage 
5 unit formulations containing conventional nontoxic pharmaceutical^ 

acceptable carriers, adjuvants, and vehicles as desired. Topical administration 
may also involve the use of transdermal administration such as transdermal 
patches or iontophoresis devices. The term parenteral as used herein includes 
subcutaneous injections, intravenous, intramuscular, intrastemal injection, or 

10 infusion techniques. 

Injectable preparations, for example, sterile injectable aqueous or 
oleagenous suspensions may be formulated according to the known art using 
suitable dispersing or wetting agents and suspending agents. The sterile 
injectable preparation may also be a sterile injectable solution or suspension in 

15 a nontoxic parenterally acceptable diluent or solvent, for example, as a solution 
in 1 ,3-propanedioI. Among the acceptable vehicles and solvents that may be 
employed are water, Ringer's solution, and isotonic sodium chloride solution. 
In addition, sterile, fixed oils are conventionally employed as a solvent or 
suspending medium. For this purpose any bland fixed oil may be employed 

20 including synthetic mono- or diglycerides. In addition, fatty acids such as oleic 
acid find use in the preparation of injectables. 

Suppositories for rectal administration of the drug can be prepared by 
mixing the drug with a suitable nonirritating excipient such as cocoa butter and 
polyethylene glycols which are solid at ordinary temperatures but liquid at the 

25 rectal temperature and will therefore melt in the rectum and release the drug. 

Solid dosage forms for oral administration may include capsules, tablets, 
pills, powders, and granules. In such solid dosage forms, the active compound 
may be admixed with at least one inert diluent such as sucrose, lactose or 
starch. Such dosage forms may also comprise, as is normal practice, additional 

30 substances other than inert diluents, e.g., lubricating agents such as 

magnesium stearate. In the case of capsules, tablets, and pills, the dosage 
forms may also comprise buffering agents. Tablets and pills can additionally be 
prepared with enteric coatings. 
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Liquid dosage forms for oral administration may include 
pharmaceutical^ acceptable emulsions, solutions, suspensions, syrups, and 
elixirs containing inert diluents commonly used in the art, such as water. Such 
compositions may also comprise adjuvants, such as wetting agents, 
emulsifying and suspending agents, and sweetening, flavoring, and perfuming 
agents. 

The compounds of the present invention can also be administered in the 
form of liposomes. As is known in the art, liposomes are generally derived from 
phospholipids or other lipid substances. Liposomes are formed by mono- or 
multi-lamellar hydrated liquid crystals that are dispersed in an aqueous 
medium. Any non-toxic, physiologically aceptable and metabolizable lipid 
capabale of forming liposomes can be used. The present compositions in 
liposome form can contain, in addition to a compound of the present invention, 
stabilizers, preservatives, excipients, and the like. The preferred lipids are the 
phospholipids and phosphatidyl cholines (lecithins), both natural and synthetic. 

Methods to form liposomes are known in the art. See, for example, 
Prescott, Ed., Mathnrte in Cell Bioloov . Volume XIV, Academic Press, New York, 
N.Y. (1976), p. 33etseq. 

While the compounds of the formula (I) of the invention can be 
administered as the sole active pharmaceutical agent for lipid lowering, they 
can also be used in combination with one or more other cardiovascular agents 
independently selected from HMG CoA reductase inhibitors, 
antihyperlipoproteinemic agents and serum cholesterol lowering agents. 

Representative HMG CoA reductase inhibitors include lovastatin, 
pravastatin, velostatin, simvastatin and the like. 

Representative antihyperlipoproteinemic agents include probucol and 

the like. 

Representative serum cholesterol lowering agents include Lopid® 
(gemfibrozil), bile acid sequestrants such as cholestyramine, colestipol, 
polidexide (DEAE-Sephadex), clofibrate, nicotinic acid and its derivatives, 
neomycin, p-aminosalicylic acid, bezafibrate and the like. 

The above compounds to be employed in combination with the squalene 
synthase inhibitor of the invention will be used in therapeutic amounts as 
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indicated in the Physicians' Desk Reference (PDR) 47th Edition (1993), which 
is incorporated herein by reference, or such therapeutically useful amounts as 
would be known to one of ordinary skill in the art. 

The compounds of the invention and the other cardiovascular agent can 

5 be administered at the recommended maximum clinical dosage or at lower 
doses. Dosage levels of the active compounds in the compositions of the 
invention may be varied so as to obtain a desired therapeutic response 
depending on the route of administration, severity of the disease and the 
response of the patient. The combination can be administered as separate 

10 compositions or as a single dosage form containing both agents. When 

administered as a combination, the therapeutic agents can be formulated as 
separate compositions which are given at the same time or different times, or 
the therapeutic agents can be given as a single composition. 

While the compounds of the formula (I) or (II) of the invention can be 

15 administered as the sole active pharmaceutical agent for the inhibition or 
treatment of cancer, they can also be used in combination with one or more 
other chemotherapeutic agents. When administered as a combination, the 
therapeutic agents can be formulated as separate compositions which are 
given at the same time or different times, or the therapeutic agents can be given 

20 as a single composition. 

Representative examples of chemotherapeutic agents are described in 
Holleb, et al., Clinical Oncology . American Cancer Society, United States 
(1991) p 56 et seq. These agents include alkylating agents such as the 
nitrogen mustards (mechloethamine, melphalan, chlorambucil, 

25 cyclophosphamide and ifosfamide), nitrosoureas (carmustine, lomustine, 
semustine, streptozocin), alkyl sulfonates (busulfan), triazines (dacarbazine) 
and ethyenimines (thiotepa, hexamethylmelamine); folic acid analogues 
(methotrexate); pyrimidine analogues (5-fluorouracil, cytosine arabinoside); 
purine analogues (6-mercaptopurine, 6-thioguanine); antitumor antibiotics 

30 (actinomycin D, the anthracyclines (doxorubicin), bleomycin, mitomycin C, 
methramycin); plant alkaloids such as vinca alkaloids (vincristine, vinblastine) 
and etoposide (VP-16); hormones and hormone antagonists (tamoxifen and 
corticosteroids); and miscellaneous agents (cisplatin, taxol, brequinar). 



WO 96/33159^ ^ PCT/US96/05529 



-114- 



The above compounds to be employed in combination with the famesyl 
protein transferase inhibitor of the invention will be used in therapeutic amounts 
as indicated in the Physicians' Desk Reference (PDR) 47th Edition (1993), 
which is incorporated herein by reference, or such therapeutically useful 
5 amounts as would be known to one of ordinary skill in the art. 

The compounds of the invention and the other chemotherapeutic agent 
can be administered at the recommended maximum clinical dosage or at lower 
doses. Dosage levels of the active compounds in the compositions of the 
invention may be varied so as to obtain a desired therapeutic response 
10 depending on the route of administration, severity of the disease and the 
response of the patient. 

The foregoing is merely illustrative of the invention and is not intended to 
limit the invention to the disclosed compounds. Variations and changes which 
are obvious to one skilled in the art are intended to be within the scope and 
15 nature of the invention which are defined in the appended claims. 
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CLAIMS 

What is claimed is: 

1 . A compound of the formula 



wherein 

A3 is A1 or A2; and 

10 A1 is -C(0)NR-|R2 wherein 

Rl is selected from the group consisting of (i) hydrogen, (ii) loweralkyl, 
(iii) alkenyl, (iv) alkynyl, (v) aryl, (vi) arylalkyl, and 
(vii) heterocyclicalkyl, and 



Re^ y — ^ 



R2 is Re Reb wherein R3 is aryl, aryl substituted with aryl, aryl substituted with 
15 heterocyclic or heterocyclic; R4 is aryl, aryl substituted with aryl, aryl substituted with 
heterocyclic or heterocyclic; R6, R6a and R6b are independently selected from the 
group consisting of hydrogen and loweralkyl; and Y is a single covalent bond, -CH2-, 
-CH2CH2-, -CH=CH-, -O-C(O)-, -C(0)-0-, -O-CH2-, -CH2-O-, -S-CH2- or-Chfc-S-; and 
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20 A2 is 

(1) -X-T-G 

wherein X is selected from the group consisting of 

a) a covalent bond, 

b) -CH 2 -, 

25 c) -0-, 

d) -S- and 

e) -N(R a )- wherein R a is hydrogen, loweralkyl, cycloalkyl, cycloalkyjajcykir arylalkyl, 

T is selected from the group consisting of 
30 a) a covalent bond, 

b) -C(O)-, 

c) -C(S)- and 

d) -S(0) 2 -, and 

35 G is selected from the group consisting of 

a) R 42 , 

b) -N(R 41 )(R 42 ) 

wherein R 41 is selected from the group consisting of 

(i) -CH(R d )C(0)OR e wherein R d is selected from the group consisting of loweralkyl, 

40 cycloalkyl, cycloalkylalkyl, alkoxyalkyl, thioalkoxyalkyl, hydroxyalkyl, aminoalkyl, 
carboxyalkyl, alkoxycarbonylalkyl, arylalkyl and alkylsulfonylalkyl and R e is selected 

from the group consisting of hydrogen and carboxy-protecting group, 

(ii) aryl, 

(iii) arylalkyl, 

45 (iv) heterocyclic, 

(v) (heterocyclic)alkyl, 

(vi) cycloalkylalkyl and 

(vii) aryl, heterocyclic, arylalkyl or (heterocyclic)alkyl wherein the aryl group, the aryl part 
of the arylalkyl group, the heterocyclic group or the heterocyclic part of the 

50 (heterocyclic)alkyl group is substituted with one or two substituents -W-R 43 wherein at 

each occurrence W is independently selected from the group consisting of 
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(a) a covalent bond, (b) -C(O)-, (c) -CH 2 -, (d) -0-, (e) -S(0) p - wherein p is 0, 1 or 2, (f) 
-N(R C )- wherein R c is hydrogen or loweralkyl, (g) -CH 2 0-, 

(h) -CH2S(0) p - wherein p is 0, 1 or 2 and (i) -CH 2 N(R C )- wherein R c is hydrogen or 
55 loweralkyl and 

at each occurrence R43 is independently selected from the group consisting of (a) aryl, 

(b) arylalkyl, 

(c) cycloalkyl, (d) cycloalkylalkyl, (e) heterocyclic and 
(f) (heterocyclic)alkyl, 

60 

and 

R42 is selected from the group consisting of 

(i) aryl, 

65 (ii) arylalkyl, 

(iii) alkenyl, 

(iv) alkynyl, 

(v) arylalkenyl, 

(vi) arylalkynyl, 

70 (vii) (heterocyclic)alkyl, 

(viii) aryloxyalkyl, 

(ix) aryloxyalkenyl, 

(x) arylalkoxyalkenyl, 

(xi) arylalkyl wherein the alkyl group is substituted with (a) -OR10 wherein R10 is 
75 hydrogen or alkanoyl or (b) -C(0)OR n wherein R n is hydrogen or a 

carboxy-protecting group, 

(xii) aroyloxyalkyl, and 

(xiii) aryl, arylalkyl or (heterocyclic)alkyl wherein the aryl group, the the aryl part of the 
arylalkyl group or the heterocyclic part of the (heterocyclic)alkyl group is substituted with 

80 one or two substituents -W-R44 wherein at each occurrence W is independently 
selected from the group consisting of (a) a covalent bond, 

(b) -C(O)-, (c) -CH 2 -, (d) -0-, (e) -S(0) m - wherein m is 0, 1 or 2, (f) -N(R D )- wherein R D is 
hydrogen or loweralkyl, (g) -CH 2 0-, (h) -CH 2 S(0) m - wherein m is 0, 1 or 2 and 
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(i) -CH 2 N(R b )- wherein R b is hydrogen or loweralkyl and at each occurrence R44 is 
85 independently selected from the group consisting of (a) aryl, (b) arylalkyl, 
(c) cycloalkyl, (d) cycloalkylalkyl, (e) heterocyclic and (f) (heterocyclic)alkyl, 

and 

90 c) -NHR 42a o r " OR 42a 

wherein R 42a is selected from the group consisting of 

(i) arylalkyl and 

(ii) heterocyclicalkyl, 

wherein the alkyl part of the arylalkyl group or the heterocyclicalkyl group is substituted 
95 with an arylalkyl group and wherein the aryl part of the arylalkyl group or the 
heterocyclic part of the heterocyclicalkyl group is substituted with one or two 
subst'rtuents -W "-R45 wherein at each occurrence W " is independently selected from 
the group consisting of (a) a covalent bond, (b) -C(O)-, (c) -CH 2 -, (d) -0-, (e) -S(0) m - 
wherein m' is 0, 1 or 2, (f) -N(R D >)- wherein R D > is hydrogen or loweralkyl, (g) -CH 2 0-, (h) 
100 -CH 2 S(0) m - wherein m' is 0, 1 or 2 and (i) -CH 2 N(R D 0- wherein R D - is hydrogen or 
loweralkyl and at each occurrence R 45 is independently selected from the group 
consisting of (a) aryl, (b) arylalkyl, (c) cycloalkyl, (d) cycloalkylalkyl. (e) heterocyclic and 
(f) (heterocyclic)alkyl; 

105 (2) -C(0)R 42a wherein at each occurrence R 42a is independently defined as above; 

(3) -CH(OH)R 42a wherein at each occurrence R 42a is independently defined as 
above; 

110 (4) -CH=C(R 42d )(R 42c ) wherein at each occurrence R 42b is independently selected 
from arylalkyl and at each occurrence R 42c is independently selected from the group 
consisting of aryl and heterocyclic wherein the aryl or heterocyclic ring is subsubstituted 
with -W "-R 4 5 wherein at each occurrence 
W " and R 45 are independently defined as above; 

115 or 
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(5) -C(0)-CH(R 42a )CH(R 42d )C(0)OR g wherein at each occurrence R 42a is 
independently defined as above, at each occurrence R 42c j is independently selected 
from aryl and at each occurrence R g is independently selected from the group 
120 consisting of hydrogen and a carboxy-protecting group; 

B-| , B 2 and B3 are independently selected from 

(1) hydrogen, 
125 (2) -Q-D 

wherein at each occurrence D is independently selected from the group consisting of 

(i) -C(0)R 46 wherein at each occurrence R 46 is independently selected from the group 
consisting of (a) -OR 46a wherein at each occurrence R 46a is independently selected 

from the group consisting of hydrogen, a 
130 carboxy-protecting group and arylalkyl wherein the alkyl part is substituted with an aryl 
group, (b) an alpha-amino acid or a beta-amino acid which is bonded via the alpha- or 
beta-amino group and (c) a di-, tri- or tetrapeptide which is bonded via the amino 
terminal amino group, 

(ii) -C(0)H, 
135 (iii) -CH 2 OH, 

(iv) -C(0)CF 3 , 

(v) -CH(OH)CF 3 , 

(vi) -C(OH)(CF 3 ) 2 , 

(vii) -C(0)NH 2 . 
140 (viii) -C(0)NHOH, 

(ix) -CH(=NOH), 

(x) -S(0) 2 NH 2 , 

(xi) -NHS(0) 2 CH 3 or -NHS(0) 2 CF 3 , 

(xii) 5-tetrazolyl, 

145 (xiii) H 
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I NH 

(xiv) wherein R47 is -CN, -N02, or -CO2R48 wherein R48 «s hydrogen, aryl 
or loweralkyl, 

I NH 

(xv) o* 0 wherein at each occurrence R49 is independently selected from the 
group consisting of hydrogen and loweralkyl, 

5~ 



NH 



150 (xvi) 0 wherein at each occurrence R50 is independently selected from the 

group consisting of hydrogen and loweralkyl, 
R51 0 

(xvii) 0 wherein at each occurrence R51 is independently selected from 
the group consisting of hydrogen, loweralkyl, alkenyl, alkoxyalkyl and benzyl, 

(xviii) ^ H , 

o 

A 

155 (xix) 



(XX) 
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and 

wherein at each occurrence Q is independently selected from the group consisting of (i) 
165 a covalent bond, (ii) -OCH 2 -, (Hi) alkylene, (iv) alkenylene, 

(v) -C(0)NH, (vi) -NHC(0)NH-, (vii) -CH(OH)- and (viii) -NHC(0)(CH 2 ) r - wherein r is 0 to 
4; 



H 
— N 



(3) 



HO 



O . 
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170 

(4) -CH2-N(OH)-C(0)-R52 wherein R52 is hydrogen, methyl or trifluoromethyl; 

and 

(5) -C(0)-NH-S(0)2-R53 wherein R53 is aryl, heterocyclic, 

175 arylalkyl, (heterocyclic)alkyl, C3-C7-cycloalkyl, Ci-Ce-alkyI or perfluoro- 

Ci-C4-alkyl; 

with the proviso that only one or two of B1, B2 and B3 can be hydrogen; 
180 or a pharmaceutical^ acceptable salt thereof. 



2. A compound as defined by Claim 1 wherein A3 is A1 . 

3. A compound as defined by Claim 2 wherein 
A1 is -C(Q)NRiR2 wherein R1 is selected from (i) hydrogen, 




(ii) loweralkyl, (iii) arylalkyl and (iv) heterocyclicalkyl and R2 is 6 wherein 
5 R3 aryl, aryl substituted with aryl, aryl substituted with aryl, aryl substituted with 
heterocyclic or heterocyclic; R4 is aryl, aryl substituted with aryl, aryl substituted with 
aryl, aryl substituted with heterocyclic or heterocyclic; R6 is hydrogen or lower alkyl; and 
Y is a single covalent bond, -CH2-, -CH2CH2-, -CH=CH- t -O-C(O)-, -C(0)-0-, -O-CH2-, 
-CH2-O-, -S-CH2- or -CH2-S-; and B-|, B 2 and B3 at each occurrence are 
10 independently selected from hydrogen, -CH2OH, and -C(0)-OR 46a wherein at each 
occurrence R 46a is independently selected from the group consisting of (i) hydrogen, 
(ii) arylalkyl wherein the alkyl part is substituted with aryl and (iii) a carboxy protecting 
group, with the proviso that only one or two of B1 , B2 and B3 can be hydrogen; 
or a pharmaceutically acceptable salt thereof. 



15 
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4. A compound as defined by Claim 2 wherein 
Ai is -C(0)NR-|R2 wherein Ri is selected from (i) hydrogen, 



(ii) lower alkyl, and (iii) arylalkyl and R2 is 




wherein R3 and R4 are 



independently selected from (i) phenyl, (ii) phenyl substituted with one or two 
substituents independently selected from loweralkyl, halo, hydroxy, alkoxy, and aryl or 
heterocyclic wherein the aryl or heterocyclic group is unsubstituted or substituted with 
one or two substituents independently selected from loweralkyl, halo and alkoxy, (iii) 
naphthyl and (iv) naphthyl substituted with one or two substituents independently 
selected from loweralkyl, halo, hydroxy, alkoxy and aryl or heterocyclic wherein the aryl 
or heterocyclic group is unsubstituted or substituted with one or two substituents 
independently selected from loweralkyl, halo and alkoxy; R6 is lower alkyl; and Y is a 
single covalent bond, -CH2-, -CH2CH2-, -CH=CH-, -O-C(O)-, -C(0)-0-, -O-CH2-, 
-CH2-O-, -S-CH2- or -CH2-S-; and B 1( B 2 and B3 at each occurrence are 
independently selected from hydrogen, -CH2OH, and -C(0)-OR 46 a wherein at each 
occurrence R4g a is independently selected from the group consisting of hydrogen and 
a carboxy protecting group, with the proviso that only one or two of B1 , B2 and B3 can 
be hydrogen; 

or a pharmaceutically acceptable salt thereof. 

5. A compound as defined by Claim 2 wherein 
Ai is -C(0)NRiR 2 wherein R1 is selected from hydrogen, methyl, benzyl, 



phenyl, 3-chlorophenyl, 4-chlorophenyl, 4-fluorophenyl, 4-methylphenyl, 3,4- 



,*4 



naphthylmethyl and (heterocyclic)methyl and R2 is 




wherein R3 is 
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dichlorophenyl, 4-methoxyphenyl, 3-bromophenyl, 3-biphenylyl, 4-biphenylyl. 4'-chloro- 
4-biphenylyl. 2-fluoro-4-biphenylyl, 6-fluoro-3-biphenylyl, 3-(2-naphthyl)phenyl, 3-(1- 
naphthy!)phenyl, 4-(2-naphthyl)phenyl, 1-naphthyl, 2-naphthyl, pyridyl, thienyl, 
quinolinyl, benzothiophenyl, or 3-(3-thienyl)phenyl; R4 is 4-biphenylyl, 4-chlorophenyl, 
4-methylphenyl, 4-bromophenyl, 4-t-butylphenyl, 4-methoxyphenyl, 3-chlorophenyl, 2- 
naphthyl, 4'-chloro-4-biphenylyl, 4-(3-thienyl)phenyl, 4-(3-pyridyl)phenyl, 3'-chloro-4- 
biphenylyl, 3,4-dichlorophenyl, 3,4-difluorophenyl, 3.4-dimethylphenyl, 3-chloro-4- . 
methylphenyl, 4-chloro-3-methylphenyl, 3,4-dimethoxyphenyl, 3,4, - 
methylenedioxphenyl, 3-bromophenyl, 4-(2-naphthyl)phenyl, 2-fluoro-4-biphenylyl, 4- 
(2-furyl)phenyl, 3',4'-methylenedioxy-4-biphenylyl, 2'-fluoro-4-biphenylyf, 2'-methoxy-4- 
biphenylyl, 4-(5-oxazolyl)phenyl or 2-naphthyl; R6 is loweralkyl; and Y is a single 
covalent bond, -CH2-, -CH2CH2-, -CH=CH-, -O-C(O)-, -C(0)-0-, -O-CH2-. -CH2-O-, 
-S-CH2- or -CH2-S-; and B1 , B2 and B3 at each occurrence are independently selected 
from hydrogen, -CH2OH, and -C(0)-OR46a wherein at each occurrence R46a is 
independently selected from hydrogen and a carboxy protecting group, with the proviso 
that only one or two of B1 , B2 and B3 can be hydrogen; 
or a phanmaceutically acceptable salt thereof. 

6. A compound as defined by Claim 2 wherein 
A1 is -C(0)NRiR2 wherein R1 is hydrogen and R2 is -CH(CH3)CH(OC(0)-2- 
naphthyl)(3,4-dichlorobenzyl) or -CH(CH3)CH(4-biphenylyl)(4-chlorobenzyl); and B1, 
B2 and B3 at each occurrence are independently selected from hydrogen, -CH2OH, 
and -C(0)-OR46a wherein at each occurrence R46a is independently selected from 
hydrogen and a carboxy protecting group, with the proviso that only one or two of B1, B2 
and B3 can be hydrogen; 
or a phanmaceutically acceptable salt thereof. 



7. A compound selected from the group consisting of: 
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(1S,2R,3R,4R)-3-Methoxycarbonyl-4-[N-{(2S,3R)-4-(3,4-clichlorophenyl)-3-(2- 
naphthoyloxy)-2- butyl}aminocarbonyl]-cyclobutane-1,2-clicarboxylic acid; 
5 (1R,2S,3S,4S)-3-Methoxycarbonyl-4-[N-{(2S,3R)-4-(3,4-dichlorophenyl)-3-(2- 
naphthoyloxy)-2- butyl}aminocarbonyl]-cyclobutane-1 ,2-dicarboxylic acid; 
(1S,2R,3R I 4R)-4-[N-{(2S,3R)-4-(3,4-Dichlorophenyl)-3-(2-naphthoyloxy)-2-butyl} 

aminocarbonyl]cyclobutane-1 ,2,3-tricarboxylic acid; 
(1R,2S,3S,4S)-4-[N-{(2S,3R)-4-(3,4-Dichlorophenyl)-3-(2-naphthoyloxy)-2-butyl} 
10 aminocarbonyl]cyclobutane-1 ,2,3-tricarboxylic acid; 

(1S,2S,3S,4S)-3-Methoxycarbonyl-4-[N-{(2S,3R)-4-(3,4-dichlorophenyl)-3-(2- 
naphthoyloxy)-2- butyl}aminocarbonyl]cyclobutane-1 ,2-dicarboxylic acid; 
(1a,2a,3b,4b)-4-[N-{(2S,3R)-4-(4-chlorophenyl)-3-(4-biphenylyl)-2-butyl} 
aminocarbonyl]cyclobutane-1,2,3-tricarboxylic acid; 
15 (la,2b P 3b,4a)-2-Carbomethoxy-4-[N-{(2S,3R)-4-(3,4-dichlorophenyl)-3-(2- 
naphthoyloxy)-2- butyl}aminocarbony]cyclobutane-1 ,3-dicarboxylic acid; 
(1b,2a,3a,4b)-2-Carbomethoxy-4-[N-{(2S f 3R)-4-(3,4-dichlorophenyl)-3-(2- 
naphthoyloxy)-2- butyl}aminocarbony]cyclobutane-1 ,3-dicarboxylic acid; 
(1a,2b,3b)-3-[N-{(2S,3R)-4-(3,4-Dichlorophenyl)-3-(2-naphthoyloxy)-2-butyl} 
20 am inocarbony]cyclobutane-1 ,2-dicarboxylic acid; 

(1a,2b,3b)-3-[N-{2S,3Rh4-(3,4-Dichlorophenyl)-3-(2-naphthoyloxy)-2- 

butyl}aminocarbony]cyclobutane-1,2-dicarboxylic acid; 
(1b,2b,3a)-3-[N-{2S,3R}-4-(3,4-Dichlorophenyl)-3-(2-naphthoyloxy)-2- 
butyl}aminocarbony]cyclobutane-1,2-dicarboxylic acid; and 
25 (±)-(1a,2b,4a)-2-[N-{(2S,3R)-4-(4-Chlorophenyl)-3-(4-biphenylyl)-2- 
butyl}aminocarbonyl]-4-hydroxymethylcyclobutane-1-carboxylic acid 

or a pharmaceutically acceptable salt thereof. 

30 

8. A compound as defined by Claim 1 wherein A3 is A1 . 



9. 



A compound as defined by Claim 8 wherein 



WO 96/3315! 



• 




PCTAJS96/05529 



-126- 



A2 is -C(0)NR41R42 . -N(R a )-C(0)NR4lR42 wherein R a is hydrogen, loweralkyl. 
cycloalkyt. cycloaikylalkyl or arylalkyl, -0-C(0)NR41 R42 or -CH 2 -C(0)NR41 R42 
wherein R41 is selected from the group consisting of 

(i) aryl, (ii) arylalkyl, (iii) heterocyclic, and (iv) (heterocyclic)alkyl, and R42 is selected 
from (i) aryl, (ii) arylalkyl, (iii) alkenyl, (iv) alkynyl, (v) arylalkenyl, 
(vi) arylalkynyl, (vii) (heterocyclic)alkyl, (viii) aryloxyalkyl, (ix) aryloxyalkenyl, 
(x) arylalkoxyalkenyl, (xi) arylalkyl wherein the alkyl group is substituted with -OR10 
wherein R10 is hydrogen or alkanoyl, and (xii) aryl, arylalkyl or (hetejafiyclic)alkyl 
wherein the aryl group, the the aryl part of the arylalkyl group or the heterocyclic part 
of the (heterocyclic)alkyl group is substituted with -W-R44 wherein W is selected 
from the group consisting of (a) a covalent bond, (b) -C(O)-, (c) -CH 2 -, (d) -O-, (e) 
-S(0) p - wherein p is 0, 1 or 2, (f) -N(R D )- wherein R D is hydrogen or loweralkyl, (g) 
-CH 2 0-, (h) -CH 2 S(0) m - wherein m is 0, 1 or 2 and (i) -CH 2 N(R b )- wherein R D is 
hydrogen or loweralkyl and R44 is selected from the group consisting of (a) aryl, 
(b) arylalkyl, (c) cycloalkyl, (d) cycloaikylalkyl, (e) heterocyclic and 
(f) (heterocyclic)alkyl; 

and B«j, B 2 and B3 at each occurrence are independently -C(0)-OR46 a wherein at each 
occurrence R4g a is independently selected from the group consisting of 

(i) hydrogen, (ii) arylalkyl wherein the alkyl part is substituted with aryl and (iii) a carboxy 
protecting group; 

or a pharmaceutical^ acceptable salt thereof. 

10. A compound as defined by Claim 8 wherein 
A 2 is -C(0)NR41R42 wherein R41 is (i) arylalkyl or 

(ii) (heterocyclic)alkyl and R42 is selected from the group consisting of 

(i) arylalkyl, (ii) arylalkenyl, (iii) aryloxyalkyl, (iv) aryloxyalkenyl, (v) arylalkoxyalkenyl, (vi) 
arylalkyl wherein the alkyl group is substituted with -OR10 wherein R10 is hydrogen or 
alkanoyl, and (vii) aryl, arylalkyl or (heterocyclic)alkyl wherein the aryl group, the the aryl 
part of the arylalkyl group or the heterocyclic part of the (heterocyclic)alkyl group is 
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substituted with -W-R44 wherein W is selected from the group consisting of (a) a 
covalent bond, 

10 (b) -CH 2 -, and (c) -O- and R44 is selected from (a) aryl, (b) arylalkyl, 

(c) heterocyclic and (d) (heterocyclic)alkyl; and B1 , B2 and B3 at each occurrence are 
independently -C(0)-OR46a wherein at each occurrence R46a is independently 
selected from the group consisting of hydrogen and a carboxy protecting group; 
or a pharmaceutically acceptable salt thereof. 

15 

11. A compound as defined by Claim 8 wherein 

A2 is -C(0)NR4iR42 wherein R41 is benzyl or (heterocyclic)methyl and R42 is selected 
from the group consisting of 4-(phenoxy)benzyl, (4-hydroxy-5-methyl)-6-phenylhexyl, 4- 
acetoxy-5-methyl-6-phenylhexyl, 5-phenyl-2,4-pentadienyl, and 3-phenyl-2-propenyl; 
5 and B1 , B2 and B3 at each occurrence are independently -C(0)-OR46a wherein at each 
occurrence R46a is independently selected from the group consisting of hydrogen and 
a carboxy protecting group; 
or a pharmaceutically acceptable salt thereof. 

12. A compound as defined by Claim 8 wherein 

A2 is -C(0)NFt4lR42 wherein R41 is benzyl or (heterocyclic)methyi and R42 is selected 
from the group consisting of 3-chloro-4-(phenoxy)benzyl, 4-(phenoxy)benzyl, (4- 
hydroxy-5-methyl)-6-phenylhexyl, 4-acetoxy-5-methyl-6-phenylhexyl, 5-phenyi-2,4- 
5 pentadienyl, and 3-phenyl-2-propenyl; and B1 , B2 and B3 at each occurrence are 
independently -C(0)-OR46a wherein at each occurrence R46a is independently 
selected from the group consisting of hydrogen and a carboxy protecting group; 
or a pharmaceutically acceptable salt thereof. 

13. A compound selected from the group consisting of: 

(1a,2b,3b,4a)-1-[N-Benzyl-N-{(4S*,5S*)-(4-hydroxy-5-methyl)-6- 

phenylhexyl}aminocarbonyl]cyclobutane-2,3,4-tricarboxylic acid; 
5 (1 a,2b,3b,4a)-1 -[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]-cyclobutane- 
2,3,4- tricarboxylic acid; 
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(1a,2b,3b,4a)-1-[N-(Thien-2-ylmethyl)-N-(4-phenoxybenzyl)-aminocarbonyI] 

cyclobutane-2,3,4-tricarboxylic acid; 
(1a,2b,3b,4a)-1-[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyIl-3- 

(methyloxycarbonyl)cyclobutane-2,4-dicarboxyIic acid; 
(1 a,2b,3b,4a)-1 -[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]-4- 

(methyloxycarbonyl)cyclobutane-2,3-dicarboxylic acid; 
(1 a,2b,3b,4a)-1 -[N-Benzyl-N-(trans-3-phenyl-2-propenyl)- 

aminocarbonyl]cyclobutane-2,3,4-tricarboxylic acid; 
(-)-(1a,2b,3b,4a)-1-[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]- 

cyclobutane-2,3,4- tricarboxylic acid; 

(+)-(1a,2b,3b,4a)-1-[N-Benzyl-N-(4-phenoxybenzyl)aminocarbonyl]- 
cyclobutane-2,3,4- tricarboxylic acid; and 

(1b,2b,3a,4a)-4-[N-Benzyl-N-(3-chloro-4-(phenoxy)benzyl)aminocarbonyl]- 
cyclobutane-1,2,3-tricarboxylic acid 

or a pharmaceutical^ acceptable salt thereof. 

14. A pharmaceutical composition for inhibiting protein farnesyltransferase 
comprising a therapeutically effective amount of a compound according to Claims 1, 7, 
or 13 and a pharmaceutical^ acceptable carrier. 

15. A pharmaceutical composition for inhibiting squalene synthase comprising 
a therapeutically effective amount of a compound according to Claims 2 or 7 and a 
pharmaceutically acceptable carrier. 

16. A method for inhibiting farnesylation of Ras protein in a human or lower 
mammal in need of such treatment comprising administering a therapeutically effective 
amount of a compound according to Claims 1, 7, or 13. 
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17. A method for inhibiting or treating cancer comprising administering to a 
mammal in need of such treatment a therapeutically effective amount of a compound as 
defined by Claims 1 , 7, or 1 3. 

18. A method for preventing restenosis comprising administering to a mammal 
in need of such treatment a therapeutically effective amount of a compound as defined 
by Claims 1, 7, or 13. 

19. A method for inhibiting or treating cancer comprising administering to a 
mammal in need of such treatment a therapeutically effective amount of a compound as 
defined by Claim 1 in combination with one or more chemotherapeutic agents. 

20. A method for inhibiting squalene synthase or cholesterol biosynthesis in a 
human or lower mammal in need of such treatment comprising administering a 
therapeutically effective amount of a compound according to Claims 2 or 7. 

21 . A method for inhibiting or treating hyperlipidemia or atherosclerosis 
comprising administering to a mammal in need of such treatment a therapeutically 
effective amount of a compound as defined by Claim 2. 

22. A method for treating a fungal infection comprising administering to a 
mammal in need of such treatment a therapeutically effective amount of a compound as 
defined by Claim 2. 

25. A method for inhibiting or treating hyperlipidemia comprising administering 
to a mammal in need of such treatment a therapeutically effective amount of a 
compound as defined by Claim 2 in combination with another cardiovascular agent. 
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